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FOR AUTHORS ONLY 


*Extracts from the “Style Guide for Chemists” by Fieser & Fieser will be published 
henceforth in each issue of this Journal so that authors may take advantage in improving the 
quality of their composition and presentation. 


3.1. Transitive verbs (require an object and can have passive voice). 


In considering the knotty problem of transitive and intransitive verbs, you will have to 
make a choice between what grammarians say is correct and what eventually may become accepted 
as correct on the ballot of usage. 


Acetylate decarboxylate hydrolyze 
acylate distribute nitrate 
alkylate elute oxidize 
analyze esterify reduce 
brominate fractionate succinoylate 
chlorinate hydrogenate sulfonate 


(-ate, -yze, -ize, -ute, ad 


These verbs are commonly mistaken for intransitive ones, as in the familiar colloquialism “the 
compound’ analyzed for C,;H,g0.” The analysis was probably done by a professional (“Dr. X 
analyzed the compound”’), certainly not by the compound, as the statement implies; “for C,;H,O” 
is also incorrect. No matter how frequently you have heard or used the expression in the labora- 
tory, avoid use of it in formal papers. Say “The analysis fits (or agrees with, or ‘Points to) the 
formula C,;H,,0” or “The formula C,;H,gO was indicated by analysis.......... 


“The hydrocarbon oxidizes rapidly” implies that the substance is endowed with the power 

to oxidize itself. Oxidize is transitive and does not mean “to become oxidized”. An 
pe rua or reagent is required: “Fischer oxidized mannose;” “alkaline hydrogen peroxide 
oxidizes «$-unsaturated ketones.” If a substance can combine with oxygen without our help 
we should say “the substance autoxidizes;” autoxidize is intransitive by derivation : auto-, self + 
oixidize. 


Correct 
The alcohol is acetylated easily (or with ease). 
The ketone is brominated at the 2-position. 
Hindered acids are esterified readily by diazomethane. 
The esters are hydrolyzed with great difficulty. (or are 
very resistant to hydrolysis). 
Sodium borohydride does not reduce free acids. 


Incorrect 
The alcohol acetylates easily. 
The ketone brominates at the 2-position. 
The esters hydrolyze with great difficulty. 


borohydride. 


* Extracts are printed with the consent of the Authors and Publishers of the book (Reinhold Publishing Corporation, U.S.A). 
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Dehydrogenation of Five- and Six-membered Cyclanes 
in the Presence of Activated Carbon 


N. I. Shuikin and T. I. Naryshkina 


Activated birchwood carbon has been shown capable of dehydrogenising five- and six-membered cyclanes at elevated 
temperatures with the formation of dehydrogenation products in high yields. At 600° the extent of conversion of cyclo- 
hexane and methylcyclohexane to the aromatic hydrocarbons reaches a value to 97%, and 100% respectively; 
cyclopentane and methylcyclopentane under these conditions are converted in to the corresponding cyclopentadienes in 
yields up to 29%. 


Several investigations have shown that activated carbon is capable of catalysing a diversity 
of reactions. Thus it is known to bring about the dehydrogenation of terpenes (Rudakov ef al., 
Z. Prikladn. Khim., 1949, 12, 180), the irreversible catalysis of cyclohexane (Zelinsky et al., /zvestia 
Acad. Nauk, U.S.S.R., O. Kh. N., 1951, 819), the dehydrogenation of alkyldihydrofuranes 
(Belsky, Doklady Acad. Nauk, U.S.S.R., 1960, 132, 585), etc. 


Recently we have demonstrated that dehydrogenation of five-membered cyclanes to the 
corresponding cyclopentadienes can be accomplished at 500-600° under reduced pressure by various 
types of activated carbons, such as, birchwood carbon with grain diameter of 5-6 mm, fine grained 
“BAU”, and bone charcoal (Shuikin et al., ibid., in print). 


There are no references in the literature to the possibility of dehydrogenising five-membered 
cyclanes by means of this catalyst. With respect to the six-membered compounds, Moldavsky 
and collaborators (Zhur. Obs. Khim., 1937, 7, 1840) have shown that cyclohexane, passed with 
a space velocity of 0.14 hr.~? over birchwood carbon at 533°, yielded 17% benzene ; at 560° the 


yield was 56.1%. 


These and previous observations encouraged us to proceed on to a more detailed investigation 
of the catalytic properties of activated wood carbon with regard to the dehydrogenation of five- 
and six-membered cyclanes. 


We found activated carbon to convert the six-membered cyclanes into the corresponding 

dehydrogenation products in almost quantitative yields. Thus at 600°, under ordinary pressure, 

cyclohexane and methylcyclohexane are converted to the extent of 97% and 100% respectively : 

Activated carbon 


() 
\F 
[R =H or Me] 


As is well known, dehydrogenation of six-membered cyclanes to the corresponding aromatic 
hydrocarbons takes place smoothly according to Zelinsky’s method (Ber., 1912, 45, 3678) on 
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Pt-carbon at 300°. Under such conditions the predominant role, however, is played by the finely 
dispersed platinum of which the content in the catalyst at first amounted to 30% (Zelinsky and 
Shuikin, Z. Obs. Khim., 1934, 4,901 ; Ind. Eng. Chem., 1935, 27, 1209 ; Z. Prikladn. Khim., 1936, 
9, 260) and only later was lowered to 4% (Shuikin, Uspekhi Khim., 1946, 15, 343). Since five- 
membered rings did not undergo dehydrogenation at 300°, Zelinsky called this reaction of 
the six-membered compounds in the presence of platinum and palladium “selective catalysis” 
(loc. cit.). 


We have shown that cyclopentane and methylcyclopentane at 600° under reduced pressure 
of 10-15 mm on contact with activated carbon gave 18% and 29% yields of the respective 
cyclopentadienes : 


[R =H or Me] 


In the absence of activated carbon, cyclopentane and methylcyclopentane did not undergo 
dehydrogenation at 600°; among the thermal conversion products of cyclohexane and methyl- 
cyclohexane, the aromatics were present only to the extent of 6%. When the thermal reactions 
are compared with the high extent of conversion in the presence of activated birchwood carbon, 
one can see how great is the activity of the latter in the reaction under question. 


EXPERIMENTAL 
Initial Hydrocarbons 
Cyclopentane (b.p. 49.5°/754 mm, np” 1.4070, d,”° 0.7459) was prepared by hydrogenation 


of cyclopentene, which in turn had been synthesised by dehydration of cyclopentanol over 
- anhydrous magnesium sulphate at 310°: 


170°, 


Methylcyclopentane (b.p. 72°/759 mm, np” 1.4100, d,®° 0.7492) was obtained by isomerisation 
of cyclohexane (b.p. 80.8°/758 mm, np*® 1.4262 ; d,”° 0.7787), slowly distilled over aluminium 
chloride in a continuous distillation column of 20 HETP efficiency. 


Methylcyclohexane (b.p. 101°/757 mm, np” 1.4231, d2°0 .7698).—Activated wood carbon 
of specific surface 519 m?/g. and ash content of 0.48% served as the catalyst. In runs without the 
catalyst, the glass reactor was packed with pieces of broken quartz. The reactants were passed 
through at rates 0.3-0.1 hr.-?. The cyclopentadiene hydrocarbon content of the resultants was 
determined directly after dehydrogenation of the five-membered cyclanes (Afanasiev, Zavodskaia 
Lab., 1948, No. 12, 1942). The aromatic hydrocarbon of the cyclohexane and methylcyclohexane 
catalysates was determined refractometrically after distillation over metallic sodium (Zelinsky 
and Pavlov, Z. Russ. Khim. Obsch., 1926, 58, 1309). 


= 
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The results of the experiments on the dehydrogenation of five- and six-membered cyclanes 
in the presence of activated birchwood carbon are presented in Table I. 


TABLE I 


Dehydrogenation of five- and six-membered cyclanes on activated carbon. 


Reactant. Pressure. Temp. Flow rate Catalysate np)” of Dehydro- 
(br.—*). yield. i 


0.1 84.0% 1.4140 14% 
0.1 81.7 1.4180 18 
0.1 90.2 1.4230 I 
0.1 89.4 1.4245 16 
0.1 84.1 1.4295 29 
0.3 80.4 1.4723 70 
0.1 79.9 1.4775 76 
0.1 79.0 1.4808 82 
0.3 76.1 1.4940 %3 
0.1 75.3 1.4977 97 
0.1 81.2 1.4513 44 
0.1 74.2 1.4935 % 
0.1 748 1.4970 100 


Cyclohexane 758 550° 0.1 77.9 1.4262 
” 758 600° 0.1 74.3 1.4290 
Methylcyclohexane 750 500° 0.1 81.2 1.4233 
a 750 550° 0.1 71.5 1.4242 

750 600° 0.1 70.1 1.4265 


It appears from the table that cyclopentane and methylcyclopentane are dehydrogenated to the 
corresponding cyclopentadiene hydrocarbons, the contents of the latter in the catalysate of the 
run at 600°, flow rate 0.1 hr.~*, and pressure 10-15 mm being 18% and 29% respectively. The 
extent of dehydrogenation of cyclohexane and methylcyclohexane to aromatic hydrocarbons at 
the same temperature but at ordinary pressure attains a value of 97-100. Dehydrogenation of 
cyclohexane at 500° and space velocity 0.3 yields a catalysate with 70% benzene content while at 
600° and the same velocity, the content of benzene reaches 93%. 


From the experimental results the temperature appears to be a factor exerting considerable 
influence on the yield of the dehydrogenation products. Thus on raising the temperature from 
500° to 600°, the yield in aromatics on dehydrogenation of cyclohexane increases by 23-21% and 
the extent of dehydrogenation of methylcyclopentane by more than 2.5 times. Of less importance 
is the flow velocity of the reactant hydrocarbons. Thus with a decrease in space velocity of cyclo- 
hexane by 3 times, from 0.3 to 0.1 hr.—1, the benzene content increased only from 93 to 97%, 


It should be mentioned that in the cyclohexane catalysate (b.p. 78-80° at 759 mm, np” 
1.4970, d,?° 0.8768), obtained at 600° by means of gas-liquid chromatography, besides benzene 


Catalyst : Activated birchwood carbon. 
Cyclopentane 10 mm 550° 
10 600° 
Methylcyclopentane 10 500° 
12 550° 
15 600° 
Cyclohexane 755 500° 
754 500° 
754 550° 
756 600° 
754 600° 
Methylcyclohexane 756 500° 
756 550° 
756 600° 
Catalyst : Nil. ; 
Cyclopentane 15 600° i 90.9 1.4070 
Methylcyclopentane 15 600° 0.1 88.1 1.4100 
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only the original cyclohexane in amounts of about 3°% was detected. At the same time in the 
methylcyclohexane catalysate, together with toluene up to 20% benzene could be determined. 
This provides experimental evidence that under the chosen conditions demethylation of toluene 
to benzene takes place as a side reaction. In subsequent work we intend to investigate further 
the catalytic action of activated carbon. 


The control experiments carried out without a catalyst showed that at 600° cyclopentane and 
methylcylopentane do not undergo dehydrogenation to any noticeable degree. Cyclohexane 
passed through the reactor at 550° under thermal reaction conditions also came out unchanged ; 
the cyclohexane catalysate, however, obtained in the 600° run possessed a benzene content of 6%. 
At the same time in the methylcyclohexane catalysate, toluene was detected already in the runs at 
550°, although the amounts were insignificant (ca. 2%). In the 600° runs the toluene content of the 
catalysate was 6%. 


Tue N. D. Zevinsxy Instrrute ror Orcanic CHEMISTRY, 
Acapemy oF Sciences, USSR, Moscow. Received January 16, 1961. 
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Chemisorption of Oxygen by Charcoal on Treatment 
with Some Mild Oxidising Agents 


Balwant Rai Puri, O. P. Mahajan, and D. D. Singh 


Treatment of charcoal with aqueous solutions of potassium persulphate, potassium bromate, potassium periodate, 
and potassium nitrate results in chemisorption of an appreciable amount of oxygen, more in original than in degassed 
samples, leading to the formation of CO,-complex, which is completely titratable against alkalies in original, but not so in 
degassed charcoals. The CO-complex and chemisorbed hydrogen do not undergo any noticeable change as a result of any 
of the treatments. 


It has been shown in previous communications (Puri ef al., this Journal, 1958, 35, 181 ; 1960, 
37, 171, 401) that interaction of charcoal and halogens in aqueous solution involves hydrolysis 
of the halogen and chemisorption of oxygen by the charcoal leading to the formation of a complex, 
capable of evolving carbon dioxide on high-temperature evacuation. It was thought of interest 
to examine the possibility of chemisorption of oxygen and the formation or extension of the already 
existing oxygen complexes on charcoal on treatment with some mild oxidising agents. Such 
investigations are of importance in properly understanding the phenomenon of low-temperature 
surface oxidation of charcoal as well as the nature of surface-oxygen complexes and alterations in 
surface characteristics, which it gives rise to. 


EXPERIMENTAL 


Sugar charcoal and coconut shell charcoal, prepared in the manner described earlier (Puri 
et al., loc. cit.) were used before as well as after degassing at 750° and at 1200°. Nearly saturated 
aqueous solutions of potassium persulphate (0.35N), potassium ‘bromate (2.5N), potassium 
periodate (0.05), and potassium nitrate (0.5N) were used for oxidation purposes. 


Procedure.—Charcoal (2 g.) was mixed with 200 c.c. of each of the oxidising solutions in 500 c.c. 
bottles. The suspensions were shaken for about 48 hours after which the bottles were opened 
under kerosene oil and the gases collected in a graduated cylinder. An aliquot of the gaseous 
mixture was analysed for its CO,, CO, and oxygen contents in an Orsat-Lunge gas analysis appa- 
ratus in the usual way. The values were corrected for the amount of these gases normally present 
in air, as determined by similar analysis of the air in the room. 


The charcoal samples were washed thoroughly with distilled water, dried in an oven at 110°, 
and evacuated at 1200° in a resistance tube furnace, allowing the temperature to rise gradually. 
The gases evolved were analysed as before (Puri et al., loc. cit.). 


The base-adsorption capacity (b.a.c.) of each charcoal sample before as well as after every 
treatment was determined as before by shaking Ig. portion with 100 c.c. of 0.2N- Ba(OH), solution 
for about 48 hours and titrating an aliquot of the clear supernatant liquid against a standard 
acid solution in the usual way. 
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DISCUSSION. 


Tabies I and II show that an appreciable amount of oxygen is chemisorbed by charcoal on 
treatment with the various oxidising solutions. The original samples take up more oxygen than 
the evacuated ones, the amount decreasing with increase in the temperature of evacuation. 
Potassium persulphate brings about maximum surface oxidation of sugar as well as coconut shell 
charcoal and is followed, in decreasing order, by potassium bromate, potassium periodate, and 
potassium nitrate. The entire amount of oxygen chemisorbed by charcoal apparently gives rise 
to CO,-complex only, since the values for carbon monoxide and water, evolved before and after 
the various treatments, are almost identical. The CO-complex and hydrogen are not evidently 
oxidised to CO,-complex and water respectively as there is no noticeable decrease in the amounts 
of carbon monoxide and hydrogen evolved from any sample of charcoal after respective treatments. 


TABLE I 
Sugar charcoal. 
Gases evolved on Total Increase Ba (OH), 
evacuation at 1200° eS i 
(mg./g-) 
H,0, 


125 


Nil 


* As CO., CO and H,0. 

** On evacuation at 1200°, 

No free oxygen or gaseous carbon monoxide appeared to be formed during the reaction ; 
small amounts of gaseous carbon dioxide were,. however, formed in case of the original samples 
only, as shown in Table III. The maximum amount is formed with potassium persulphate and 
minimum with potassium nitrate. 
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| 
eo Description of the sample. **00, 
100g.). 
CO,. 
Original 151 141 = 3 301 686 
1200°-evacuated Nil Nil = Ni Nil Nil 
Original 252 139 125 3B 63 1145 
750°-evacuated 49 % 65 2148 35 4 
(1200°-evacuated Nl 2 Nil 127 
Original 13364 6 1073 
i 750° evacuated 45 97 65 5 32 33 205 
| 1200°-evacuated 2 Nil Nil} Nil} 16 16 100 
Original 226 139 125 13355 54 
750°-evacuated 5 % 65 145 32 32 205 
| 1200°-evacuated 18 Nil Nil Nil 13 13 Nil 82 
| as Original 206 139 125 13 (340 39 944 936 
750° evacuated 37 97 6 2 140 33 168 
by |1200°-evacuated 15 Nil Nil Nil Nil 68 
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TABLE II 
Coconut shell charcoal. 
Description of the Gases evolved Total I Ba(O **CO., 
— A c 
CO,. co. H,O. H,. (mg./g.) 
Original 70 113 77 13 184 =F 312 318 
3 i 750°-evacuated Nil 76 6l 12 98 we Nil Nil 
E 1200°-evacuated Nil Nil Nil Nil) Nil Nil Nil 
rio} Original 163 112 77 13 21 67 749 741 
750°-evacuated 62 12131 33 a” 
| 1200°-evacuated % Na] Ni 19 9 Ni 48 
5 Original 148 112 78 13 241 57 668 673 
5 750°-evacuated “Ab 75 6l 12 129 31 45 200 
FS 1200°-evacuated 21 Nil Nil Nil 15 15 Nil % 
S Original 143 114 78 12 238 54 656 650 
750°-evacuated 42 76 61 12 128 30 4 
EF 1200°-evacuated 18 Nil Nil Nil 13 13 Nil 82 
g Original 117 112 78 13 218 34 526 532 
750°-evacuated 35 75 6l ll 123 B 33 159 
ee 1200°-evacuated 14 Nil Nil Nil 10 10 Nil 64 
* As CO,, CO and H,0. 
** On evacuation at 1200°. 
TABLE Ill 
CO, formed by samples of charcoal with oxidising solutions. 
Description of the sample. Type of charcoal. Amount of CO, evolved (mg./g.) on treatment with 
K,S,0,. KIQ,. KNO,. 
Sugar charcoal 
Original 26 24 12 8 
750°-evacuated Nil Nil Nil Nil 
1200°-evacuated ” ” ” ” 
Coconut shell charcoal 
igi 13 13 8 5 
150° Nil Nil Nil Nil 
1200°-evacuated ” ” ” ” 


The results reported in Tables I, II, and III show that all the oxidising agents have similar 
action on each kind of charcoal, the difference being of degree only. 


: 
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The barium hydroxide values of the various samples before as well as after treatment with 
different oxidising solutions, expressed as m.e./100g., are included in Tables I and II. The 
amounts of carbon dioxide evolved from each sample, calculated in the same units, are also given 
(last column) for easy comparison. There is a considerable increase in the b.a.c. of the original 
samples of sugar as well as coconut shell charcoal on treatment with oxidising solutions, the 
maximum value, as expected, being obtained with potassium persulphate. The b.a.c. of 
sugar charcoal noticeably increases from 686 to 1163 and that of coconut shell charcoal from 
312 to 749 m.e./100g. This provides a convenient method of preparing charcoal of high b.a.c. 
The increase is evidently due to increase in the CO,-complex. In fact, it is seen that the amount 
of barium hydroxide neutralised by the original samples of sugar and coconut shell charcoals, 
before as well as after every treatment, is almost exactly equivalent to the amount of carbon dioxide 
evolved from them. 


In case of 750°-degassed samples, the barium hydroxide values rise only slightly from zero to 
a maximum of about 34 and 46 m.e. in sugar and coconut shell charcoals respectively. The 
amount of barium hydroxide neutralised is, however, considerably less than the amount of carbon 
dioxide evolved in every treatment. 


In case of 1200°-degassed samples, the b.a.c. remains zero even though there is a significant 
increase in the CO,-complex. 

These observations show that the CO,-complex, formed on degassed samples as a result of 
treatment with oxidising solutions, is different in nature from that formed on original charcoals and 
support the conclusion arrived at in previous publications regarding two types of CO,-complexes, 
one of which is completely titratable against alkalies and the other is not. The results also 
indicate that the view of some of the previous workers (Weller and Young, J. Amer. Chem. Soc., 
1948, 70, 4155 ; Wilson and Bolam, J. Colloid Sci., 1950, 5, 550) that almost all the chemisorbed 
oxygen is involved in the sorption of bases from aqueous solution needs further examination and 
revision as’ charcoal may have appreciable amount of chemisorbed oxygen, even capable of evolving 
carbon dioxide, but it may not be titratable against alkalies. 


DEPARTMENT OF CHEMISTRY, 
Panyas University, Received January \1, 1961. 


CHANDIGARH. 
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Spectrophotometric Studies in the Composition and Stability of 
Thorium p-Nitrobenzeneazochromotropic Acid Chelate 


Samir K. Banerji* and Arun K. Dey 


p-Nitrob h ic acid (sodium salt) has been found to form a pink-coloured chelate with thorium 
salts. Dee, which is stable between pH 3.2 and 7.2. The 
values of log K and A F° are respectively 10.08 + 0.15 and — 13.92 + 0.20 kcals, at 25°. 


Chelating properties of chromotropic acid are well known. Investigation of uranyl-chromo- 
tropic acid chelate by conductometric (Mukherji and Dey, this Journal, 1958, 35, 113) and spectro- 
photometric methods (Banerji and Dey, unpublished) has already been made. Formation of 
coloured chelates of various other metals was described by Mathur and Dey (Z. anal. Chem., 1957, 
154, 347). Several substituted chromotropic acids have also been tried as chromophoric reagents. 
Datta (Z. anal. Chem., 1956, 149, 270 ; 153, 89) discussed the analytical applications of some 
azochromotropic acids. Banerjee used some of these reagents for the spectrophotometric deter- 
mination of thorium (Science & Culture, 1955, 20, 611) and of zirconium (Anal. Chim. Acta, 
1957, 16, 62). Tolmachev and Lomaskana (Z. fiz. Khim., 1957, 31, 1600) described the inter- 
action of sodium |,8-dihydroxy-2,2-hydroxyazobenzene-3,6-naphthalene and magnesium ions. 


Sommer and Hnilickova (Chem. Listy, 1956, 50, 1580) have reviewed the analytical applica- 
tions of azochromotrope dyes and have mentioned the uses and characteristics of compounds 
of the following type : 


=H, -SO,H, -COOH, -NO,, -OH, -OMe, -OEt, Me,-AsO(OH), or-NH,] 
The reaction of p-nitrobenzeneazochromotropic acid with boric acid was investigated by 
Komarovski and Polucktov (Z. Obsch. Chim., 1950, 20, 816) and of hydroxybenzeneazochromotropic 
acid with calcium and magnesium by Kuznecov (Z. anal. Chem., 1955, 146, 417). The applica- 
tion of the sulpho compounds in the complexometric determination of thorium and zirconium 
as metal indicator was studied by Banerjee (Z. anal. Chem., 1955, 147, 105 ; 1956, 149, 270). 


* Present address : Department of Chemistry, Meerut College, Meerut. 


H H | 
Oo O 
(1) 


S. K. BANERJI AND A. K. DEY 


In view of meagre work on metal chelates involving azochromotropic acids, it was thought 
desirable to investigate the composition and formation of metal chelates with these chelating agents. 
p-Nitrobenzeneazochromotropic acid (sodium salt), known as Chromotrope 2B, forms a pink- 
coloured complex with thorium salts ; the composition and stability of this chelate have been studied 
by spectrophotometric method in this communication. 


The spectrophotometric method, in spite of adverse criticism in recent years, has been found 
to yield reliable results, particularly with coloured complexes (Woldbye, Acta Chem. Scand., 
1955, 9, 299). For determination of the stability of complexes the method described by Anderson 
et al. (J. Amer. Chem. Soc., 1948, 70, 1195 ; 1949, 71, 909, 912), based on the comparison of the 
compositions of solutions having identical intensity of colour, has been found very convenient. 
The limitation of the method is that both the interacting solutions must be colorless. The method 
was subsequently modified by Dey et al. (J. Inorg. Nucl. Chem., 1958, 6, 314) who were able to 
apply the method to systems where one of the interactants may be coloured. This method there- 
fore has a much wider application and can be employed conveniently for the study of a large 
number of chelation reactions. 


FIG. | 


Absorption spectra of mixtures of thorium chloride and p-nitrobenzeneazochromotropic 


acid (sodium salt). 


500 550 600 


Wave length in mp. 


Curve A: reagent 0.5 x 10-*M. Curve D : c= 0.083 10-*M (p = 3). 
Curve B: c= 0.05 x 10-*M (p = 5). Curve E : c= 0.125x 10-*M (p = 2). 
Curve C : c= 0,063 10-4M (p = 4). Curve F : ¢ = 0.25 x 10-4M (p = 1). 
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EXPERIMENTAL 


Aqueous thorium chloride was prepared in CO,- free, double distilled water, using BDH 
AnalaR salt, and was estimated gravimetrically as ThO,. Solutions were freshly prepared to 
avoid effects due to hydrolysis. B.D.H. reagent grade Chromotrope 2B (abbreviated in this paper 
as CTB) was used for preparing aqueous solutions. 


Spectrophotometric measurements were made exactly as described by Banerji and Dey 
(this Journal, 1961, 38, 121). 


Nature of the Complexes Formed.—The method of Vosburgh and Cooper (J. Amer. Chem. Soc., 
1941, 63, 437) was employed to determine the nature of complexes formed in aqueous solution. 
Mixtures containing different proportions of thorium : Chromotrope 2B (1:0, |: 1, 1: 2, etc.) were 
prepared and the absorbance was determined at different wave lengths. The results are plotted 
graphically in Fig. 1, where it may be seen that the Amax of the reagent lies at 520 mp (curve A). 
In curves D, E, and F Amax lies at 550 mu, which is the region of maximum absorption of the 
chelate. In curves B and C, where the proportion of the chelating agent is large, the observed 
maximum absorption is at 540 my, instead of 550 mu, which may be due to the excess of the free 


dye present in the systems. 


FIG. 2 FIG. 3 
Equimolecular solutions at 550 mu (p=1). Equimolecular solutions at 580 mu. 


fe) o2 


<= [Th**]/[Th**] + [(CTB] 


Curve A: c= 1.00 x 10-*M. Curve C: c= 0.56 x 10-*M. 
Curve B : «= 0.67 x 10-*M. Curve D: c= 0.50 x 10-*M. 
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FIG. 4 : FIG. 5 
Non-equimol. soln. at 550 mu. Non-equimol. soln. at 580 mu. 


4050 
<— Volume of ThCl, in c.c. —> 


Curve A: c= 1.00 x 10-*M (p = 0.66). Curve C: c= 0.50 x 10-*M (p = 2.0). 
Curve B : ¢ = 0.67 x 10-*M (p = 1.50). Curve D: c= 0.40 x 10-4M (p = 2.0). 


Stoichiometry of the Components.—Job’s method of continued variation (Compt. rend., 1925, 
180, 928; Ann. chim., 1928, x, 9, 113; 1936, xi, 6, 97) was employed for determining the 
composition of the complex. The total volume of the mixture was kept at 50 c.c. in each case. 
Absorbance measurements were done at 550 my and 580 my. Several experiments were per- 
formed with equimolecular and non-equimolecular solutions to obtain conclusive evidence of the 
composition. Some of the typical observations are plotted in Figs. 2— 5, where the difference 
in absorbance by the mixture and that by the chelating agent alone, assuming that no chelation 
occurs, is plotted against the composition of the mixture. The pH, of the mixtures was 
kept constant in one set of experiments and in the various sets the pH was between 3.3 and 5.4 
(colour of the chelating agent was not affected by this change in pH). 


In the legends to the figures, c represents the concentration of thorium ions, c’ that of Chromo- 
trope 2B, i.e., p = c’/c. 


Influence of pH on the Stability of the Chelate—The absorbance of mixtures of 0.25 x 10-*M 
thorium chloride and 0.50 10-4 M Chromotrope 2B at different pH’s were measured at various 
wave lengths. The results are plotted in Fig. 6 where Amax lies at 550 mp, between pH 3.2 and 
5.9 of the mixture. This shows that the chelate is stable in this range of pH. 
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FIG. 6 
Influence of pH on absorbance. 


pH 8-0 
pH 10 PH 5-9 
pH 20 PH 7-2 
pH ams 
pH 32 


pH 90s 


500. 550 
Wave length in mp. 
c= 0.25 x 10-*M (p= 2). 
DISCUSSION 


From the data plotted in Figs. 2—5, we may get information about the composition of the 
complex, as shown in Table I. 


TABLE | 


REE 


SESE 
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350 400 4 500 Ais 
Fig. eX 104, p. Wave 
No. length. 
2 1.00M 1.0 550mp 
0.67 1.0 550 
0.56 1.0 550 
0.50 1.0 550 16.7 1:2 : 
3 1.00 1.0 16.7 1:2 
0.67 1.0 16.7 1:2 
0.56 1.0 16.7 1:2 
0.50 1.0 16.7 1:2 
4 1.00 0.66 125 1:2 
0.67 1.50 21.4 1:2 
0.50 2.00 25.0 1:2 
0.40 2.00 25.0 a 
5 1.00 0.66 125 1:2 
0.67 1.50 21.4 1:2 
0.50 mo 25.0 1:2 
0.40 2.00 2.0 1:2 
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The composition of the chelate investigated therefore corresponds to Th(CTB),. It may 
also be seen that the composition is revealed in the case of non-equimolecular solutions also. 
Thus it is not possible to calculate the stability by Job’s method. 


The apparent formation constant has been calculated from absorbance data, as shown in Fig. 7. 
The absorbance of the various mixtures was measured at 550 mu, keeping the total volume of the 
solutions at 50 c.c. The observed absorbance (not the difference as in Figs. 2—5) was plotted 
against composition of the mixture. Thorium ions are colorless and hence the colour of the mix- 
tures is due to the chelating agent and the coloured chelate. With the progressive increase in the 
concentration of the thorium ions added and with the formation of the chelate, the amount of the 
free chelating agent decreases. Thus, in the descending portions of the curves, where the metal 
ions are in excess, it may be reasonable to assume that a majority of the reagent is bound up in the 
complex, which is fairly stable, and does not contribute appreciably to the colour of the mixture. 
The colour of the solution, i.e., the absorbance in these regions of the curve, is therefore principally 
due to the coloured chelate alone. 


FIG. 7 
Formation constant from absorption spectra at 550 mu. 


+ [CTB]. 


Same concentrations as in Fig. 2. 


Fig. 7 represents such a graph, where four concentrations of the reactants (p=1) are 
represented by curves A toD. An arbitrary value for absorbance (say 0.25) was chosen and the 
concentrations of the reactants were read from the graph, ifthe descending portions of the curves. — 
It may be reasonable to assume that the amounts of complexes formed from these quantities 
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of the reactants are identical since they have the same absorbance values. Hence in the 
equilibrium : 

Th + 2CTB = Th (CTB), 
if x represents the concentration of the chelate at equilibrium, and a and 5, the concentrations 
initially present of the metal ion and the chelating agent, respectively, the formation constant is 
given by : 


x 


Taking two values of a and b, showing the same absorbance, i.e., the same value of x, we have 
K 


x x (ii) 
~ (a, — x) 6, — 2x)? @— x) — 2x)’ 
or 4x* [Cay + — (ag + + x — by?) + 4 (ag by — + (as + a = 0 


r= 
8 [(a, + — (a, + 5,)] (mi) 
Thus, from equation (iii), we can calculate the value of x and therefrom the value of K by 
substitution in equation (i). 
The free energy of formation can be obtained from the relation : 
AF° = —RT InK 


where AF° is the free energy of formation, R, the gas constant, and T, the absolute temperature. 


In the system thorium — p-nitrobenzeneazochromotropic acid, the value of logK and of AF° 
work out respectively to be 10.08 + 0.15 and — 13.92 + 0.20 kcals. at 25°. 
p-Nitrobenzeneazochromotropic acid may be represented by structure (I : R = NO,). 


From the absorption spectra studies of the reagent (sodium salt) in different media Sommer 
et al. (loc. cit.) obtained the following values for Amax. 


TABLE II 
Medium. Amax (mp 
Aqueous solution 517 
0.1N — H,SO, 517 
0.1N — NaOH 537 (430) 
H,SO, (conc.) 582 (413) 


There are then three ionisable forms (for the sodium salt), which may be represented by : 


H H 


am N—Z7 


-0,5” \so,- 
(II) 
(In acidic medium). 


= 
i 


14% S. K. BANERJI AND A. K. DEY 


- 


[In neutral or feebly acidic medium]. 


-0,8” 
(IV) 
7 (In alkaline medium). 


In the case of the chelate investigated here, the medium was on the acidic side, showing 


preponderance of the structure represented by (II). It might therefore be suggested that the 
thorium chelate will have a structure as shown below : 


so,- 
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(Jour. Indian Chem. Soc., Vol. 38, No. 3, 1961) 


Reactions of Alkyl Orthotitanate. Part V. Reactions of Phenol 
with Ethyl and Isopropyl Titanates 


LD. Varma and R. C. Mehrotra 


The action of hydrogen chloride as well as of ethanol and isopropanol on phenyl orthotitanate has been studied. Six 
mixed alkyl orthotitanates, (OC,H;), TOR), (R = Et or Pri) have been prepared by causing phenol to react with 
alkyl orthotitanates in predetermined stoichiometric ratios. 

Monohydric aliphatic alcohols have been shown to react with titanium tetrachloride (Jennings 
et al., J. Chem. Soc., 1936, 637) to yield dichloride dialkoxide derivative. The reverse reaction, 
viz., the action of hydrogen chloride on alkyl orthotitanate, also yields the same dichloride dialk- 
oxide derivative (Mehrotra, this Journal, 1953, 30, 733). The two reactions can be represented as : 


TiCl, + 2 ROH* —— TiCl,(OR), + 2 HCI 
Ti(OR), + 2 HCl* ——> TiCl,(OR), + 2 ROH 


Compared to above, alkyl orthosilicates (which can be readily prepared by causing silicon 
tetrachloride to act upon excess of alcohol) do not appear to react appreciably with hydrogen 
chloride at all, although absorption of hydrogen chloride to the extent of a mole per molecule of 
alkyl orthosilicate does occur (Gerrard and Jones, J. Chem. Soc., 1952, 1690). This absorption 
of hydrogen chloride molecule could be interpreted either due to formation of trialkoxysilicon 
monochloride, (OR)3.SiCl.ROH, or due to formation of an addition compound between the 
reactants, Si(OR),.HCl. The inability of the reaction product to yield mixed alkyl orthosilicate 
on being caused to react with a higher aliphatic alcohol, has lent support to the latter alternative 
(Mehrotra, loc. cit.). In view of these findings the reaction between titanium tetraphenoxide and 
hydrogen chloride has been studied. 

Similar to the reaction between alkyl orthosilicate and hydrogen chloride, a mole of hydrogen 
chloride appears to react with a mole of titanium tetraphenoxide. This reaction could be repre- 
sented either by formation of an addition compound (i) or by substitution of one of the phenoxy 
groups by chlorine atom (ii) : 


Ti(C,H,0), + HCl Ti(OC,H,),HCl @ 
Ti(C,H,0), + HCl @ 


In an effort to distinguish between the above two possible courses of reaction, the product 
dissolved in benzene was heated with an excess of isopropanol and anhydrous ammonia, when 
the corresponding reactions for (i) and (ii) could be 

Ti(C,H;O),.HCl + NH, Ti(C,H,0), -++ NH,Cl .. (iii) 
+ PriOH + NH, ——> + NH,C! .. (iv) 

After removing the precipitated ammonium chloride, an orange-yellow solid was obtained 
from the filtrate. On the basis of the observed chemical analysis, the above product could be 
assigned one of the following formulas : 

Ti(C,H;0),.Pr'OH (C,H; 0) .Ti.OPr'.C,H;OH 
(1) 


* or excess (the reactions were carried out in benzene). 
** Reactions carried out in benzene. 
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This orange-yellow compound on being heated under reduced pressure gave out phenol, 
indicating that formula (II) is more probable. The final product corresponded in analysis to 
Ti (C,H,O),.(OPr’). Hence reaction (ii) appears to be more probable when hydrogen chloride 
acts upon titanium tetraphenoxide. 

Before accepting the above evidence, it was considered essential to study the replaceability of 
the phenoxy group in titanium tetraphenoxide with alkoxy (isopropoxy or ethoxy) groups. To 
reproduce closely the conditions of the possible reaction (iii), ammonia was passed in a mixture 
of titanium tetraphenoxide, dissolved in benzene, and excess isopropanol. An exothermic reaction 
appeared to take place in this system also and the final product was similar to the product finally 
obtained above, (C,H;O),Ti.OPr'. 


Ti(C,H,O), + PriOH ——-> Ti(OPr').(C,H;O) 3.C,H; OH (v) 


Ti(OPr'(OC,H;)s + C,H;OH (vi) 
In view of the above, the evidence presented earlier for the formation of TiCl(OC,H,)s.- 
C,H;OH by the reaction between titanium tetraphenoxide and hydrogen chloride becomes again 
inconclusive. These studies evidently show that the reaction of titanium tetrachloride with phenol 
together with reverse reaction, viz., the reaction between titanium tetraphenoxide and hydrogen 
chloride, is quite different from the corresponding reactions in case of alcohols or alkyl ortho- 
titanates. 
In view of the interesting results obtained in the above experiments, the reaction of titanium 
tetraphenoxide with ethanol or isopropanol (molar ratio 1:4), in refluxing benzene, was attempted 
when the mixed ethyl (or isopropyl) triphenyl orthotitanate appeared to be formed, as shown below : 


Ti(OC,H;), + ROH == Ti(OR\C.H;O)3.CJH;OH (ROH = EtOH, Pr'OH). 


The reaction between alkyl orthotitanates (ethyl and isopropyl) and phenol was investigated 
more thoroughly by causing them to react in predetermined stoichiometric ratios. As in the case 


_of titanium tetrachloride (Funk and Rogler, Z. anorg. Chem., 1944, 252, 326), the four alkyl 


groups of alkyl orthotitanate molecule are successively replaced by the aryl groups in refluxing 
benzene. The replacement of last alkoxy group appears, however, to be comparatively much slow. 
The slow replaceability is understandable in view of the back reaction between titanium 
tetraphenoxide and ethanol or isopropanol, presented above. 

The mixed alkyl aryl orthotitanates (I to III) can be prepared in quantitative yields by the 
reactions (i) to (iii). 


¢ 
Ti(OR), + C,H,OH ——-> C,H,O. Ti (OR), ROH 
(1) 
Ti(OR), + + 2ROH 
Ti(OR), + 3CgH;OH———>(C,H,0) .Ti(OR) + 3ROH .. ii) 
Ti(OR), + 4CsH,OH——-—>(C,H,0),Ti + 4 ROH . 
(IV) 
(OR = OEt) 


* The reaction proceeds on heating under reduced pressure. 
t Reaction proceeds at room temperature also. 
** Very slow reaction. 
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The above reactions were carried out in refluxing benzene and the liberated alcohol, ROH, 
was fractionated azeotropically. The products were freed of benzene under reduced pressure. 
The mixed alkyl aryl orthotitanates are orange-yellow to deep yellow liquids and suffer thermal 
decomposition when attempted to distil them under reduced pressure. A gradual increase in 
intensity of the orange-yellow colour occurs as the number of aryl groups increases in the ortho- 
titanate molecule ; finally the phenyl orthotitanate is obtained, which is a scarlet solid, m.p. 155°, 
b.p. 226°/0.2 mm. 


EXPERIMENTAL 


Ethyl and isopropyl orthotitanates were purified by fractionation under reduced pressure 
(Varma and Mehrotra, J. prakt. Chem., 1959, 8, 235). Ethanol (B.C.P.W., India) was first re- 
fluxed with freshly ignited quick lime for 6 hours and then distilled. The distillate was redistilled 
over sodium. Finally, it was dehydrated azeotropically with benzene before use; b.p. 78.3°. 
Isopropanol was first stored over aluminium isopropoxide for a fortnight and then fractionated over 
zirconium isopropoxide; b.p. 82.0°. Phenol (E. Merck) was purified by distillation, b.p. 180°. 
Benzene (B. D. H. AnalaR) was stored over sodium wire for 2 days and fractioned, b.p. 80°. 


The compounds were moistened with a few drops of aqueous ammonia, evaporated 
to dryness in an electric air-oven at 90°, and ignited to TiQ,. Ethanol and isopropanol in 
binary azeotropes with benzene were estimated (Mehrotra, this Journal, 1954, 31, 904) by deter- 
mining the unchanged chromic acid after a weighed sample of the azeotrope had been kept for 
2 hours with an excess of the reagent (N-K,Cr,O, in 12.5% H,SO,). Phenoxy group was esti- 
mated by the method described by Kolthoff and Stenger (“ Volumetric Analysis", Vol 2, 
Interscience Publishers, Inc., New York, 1947, p. 216). After removing residual bromine by 
calomel, the liberated HBr was titrated against standard NaOH using bromocresol green indicator. 


An all-glass apparatus fitted with interchangeable standard ground-glass joint was employed 
for entire experimentation and the reactions were protected from moisture. 


Titanium Tetraphenoxide (Phenyl Orthotitanate).—To a well-cooled solution of titanium 
tetrachloride (5.0 g., 26.32 mM) in benzene (20 g.) was admitted phenol (15.0 g., 0.16 M). An 
exothermic reaction set in with evolution of HCl. The deep red reaction mixture was heated at 
130-40° under reflux for 3 days till HCl could not be detected. The product was freed of the 
solvent under reduced pressure and crystallised from CCl, as a deep red crystalline mass (10.8 g.). 
The product produced only a very faint turbidity with silver nitrate solution. [Found : Ti, 9.24; 
C,H;0, 89.59. Calc. for T(OC,H;),.C,H,OH : Ti, 9.31 ; CgH,O, 90.69%]. 


The compound (8.9 g.) was heated under reduced pressure to 250°/0.2 mm, when a colorless 
liquid appeared, which readily solidified to a colorless crystalline mass (0.9 g.) (identified as 
phenol). Afterwards a deep red liquid, turning to a scarlet solid (5.8 g.), was’ obtained ; 
b.p. 226°/0.2 mm, m.p. 155° (sealed tube). [Found: Ti, 11.34; C,H,O, 87.89. Calc. for 
Ti (OC,H;), : Ti, 11.38 ; CgH,O, 88.62%]. 


Reaction between Titanium Tetraphenoxide and Hydrogen Chloride.—To a red solution of tita- 
nium tetraphenoxide (4.73 g.) in benzene (45.0 g.) was bubbled slowly a current of dry hydrogen 
chloride for 2 hours. A black-red solution was obtained in the end, which was allowed to stand 
for a day. The reaction mixture was concentrated to 8-10 c.c. and set aside for crystallisation. 
The mother liquor was decanted and the deep red crystals (3.9 g.) were dried at 50°/1.0 mm 
for 2} hours. (Found : Ti, 10.66; Cl, 8.1. C.H,,0,. TiCl requires Ti, 10.48; Cl, 7.77%). 
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Reaction between C.4H.,0,.TiCl and Isopropanol in presence of Ammonia.—A yellowish red 
solution was obtained on addition of isopropanol (4.1 g.) to the red solution of the preceding 
compound (1.8 g.) in benzene (20.0 g.). Anhydrous ammonia was slowly bubbled into the reaction 
mixture. An exothermic reaction occurred with formation of a white precipitate. The passage of 
ammonia was stopped after the evolution of heat had ceased; the reaction mixture was cooled 
to the room temperature. The white precipitate was filtered and washed with dry benzene. 
The filtrate was evaporated to dryness under reduced pressure and the product was dried at 
45°/1.0 mm for 2 hours. An orange-yellow solid (1.0 g.) was obtained. (Found: Ti, 9.95. 
C,,H,,0,Ti requires Ti, 9.98%). 


The above compound (0.50 g.) was heated under reduced pressure when at 90°/1.0 mm, a 
colorless liquid appeared, which solidified to a colorless solid. It was soluble in water and was 
identified as phenol. The residue left was deep orange in colour (0.45 g.). (Found: Ti, 11.98. 
requires Ti, 12.40%). 


Reaction between Titanium Tetraphenoxide and Ethanol (molar ratio |:4).—Titanium tetra- 
phenoxide (6.90 g., 16.44 mM), benzene (19.0 g.) and ethanol (3.04 g., 66.08 mM) were heated 
under reflux for 3 hours. The solvent was distilled under reduced pressure from the reaction 
mixture and the product was dried at 30°/1 mm. A bright orange solid (9.1 g. Ti, 8.92%) was 
obtained, which was refluxed gently with ether (100 c.c.) for 3 hours. The supernatant liquor along 
with some solid was decanted and the remaining solid was dried at 60°/3.5 mm. An orange- 


yellow solid (8.4 g.) was obtained. (Found: Ti, 10.15. CogHog0;Ti requires Ti, 10.28°,). 


Reaction between Titanium Tetraphenoxide and Isopropanol (molar ratio |:4).—To a deep red 
solution of titanium tetraphenoxide (11.36 g., 27.04 mM) in benzene (25.0 g.) was added 
isopropanol (6.68 g., 0.11 M). An orange-yellow solution was obtained, which was heated under 
reflux for 3 hours. The reaction mixture was freed of the solvent under reduced pressure and the 
product was dried at 30°/1.0 mm. A bright yellow solid (14.5 g. Ti, 9.26%) was obtained. It 
was gently refluxed with ether (100 c.c.) for 3 hours. The supernatant liquor was decanted. A 
bright yellow powder (10.2 g.) was obtained after drying the product at 30°/1 mm for 2 hours. 
(Found: Ti, 10.03. C,,;H,,0;Ti requires Ti, 9.98%). 


Reaction between Titanium Tetraphenoxide and Isopropanol in presence of Ammonia.—To a yellow 
solution consisting of titanium tetraphenoxide (1.1 g.), benzene (10.0 g.), and isopropanol (14.0 g.) 
was passed anhydrous ammonia slowly, when heat was evolved with a slight white turbidity. 
The reaction mixture at the end of the reaction was filtered and left to settle overnight. The clear 
filtrate was evaporated to dryness under reduced pressure ; the product was dried at 80-90°/ Imm, 
when a colorless liquid turning to a transparent solid (identified as phenol) appeared. The 
drying was continued till the appearance of the colorless liquid stopped. Finally an orange solid 
(0.92 g.) was obtained. (Found: Ti, 11.98. C,,;H,.0,Ti requires Ti, 12.40%). 


Reaction between Ethyl Orthotitanate and Phenol (molar ratio |:1).—An exothermic reaction 
occurred on addition of phenol (3.42 g., 36.34 mM) to ethyl orthotitanate (8.10 g., 35.53 mM). 
The orange-yellow reaction mixture was allowed to stand overnight. The product was freed of 
volatile fractions by drying it at 40°/1.0 mm. An orange-yellow, thick liquid (10.0 g.) dissolving in 
benzene was obtained. [Found: Ti, 17.16; C,H;O, 32.53. CJH;O.Ti(OEt), requires Ti, 17.36; 
C,H,0, 33.73%]. 

In an attempt to distil the compound (6.35 g.), it was heated to 210°/1.0 mm, when a 


colorless liquid (4.03 g.) with a yellowish colour collected in the receiver; b.p. 134°/0.9 mm. 
(Found: Ti, 19.93%). 
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The above distillate (3.09 g.) was fractionated under reduced pressure. The middle fraction, 
a colorless liquid (2.21 g.), was collected at 120.5°'0.9 mm. [Found: Ti, 20.79; OEt, 80.28. 
Cale. for TOE), : Ti, 20.99; OEt, 79.01%]. 


Reaction between Isopropyl Orthotitanate and Phenol (molar ratio |:|).—Isopropyl orthotitanate 
(4.27 g., 15.04 mM), phenol (1.40 g., 14.89 mM), and benzene (60 g.) were stirred together to yield 
a deep vellow solution. It was refluxed under the fractionating column for an hour. The 
azeotrope (b.p. 71°) was slowly fractionated out dropwise. After collection of nearly 4 c.c., the 
distillate attained a b.p. of 73°; at this stage the withdrawal of the azeotrope was suspended and the 
reaction mixture was allowed to reflux for another hour. The azeotrope was again withdrawn 
dropwise till the distillate acquired a constant temperature of 80°. The rest of the distillate was 
collected separately under a high reflux ratio, 1:20. The reaction mixture was evaporated to a 
deep yellow, fairly mobile liquid (4.80 g.) at 50°/1.0 mm. The compound is readily miscible with 
benzene. [Found : isopropanol, 0.89 g. in azeotrope, against 0.90 g. calc. for | mole (for ortho- 
titanate taken]. (Found: Ti, 15.13; CgH;O, 29.46. C,H;O.Ti(OPr'), requires Ti, 15.06; C,H,O, 
29.27%]. 


Reaction between Ethyl Orthotitanate and Phenol (molar ratio 1|:2).—{a). To a solution of 
ethyl orthotitanate (3.82 g., 16.75 mM) in benzene (41.0 g.) was introduced phenol (3.15 g., 33.51 
mM ). On stirring, a noticeable heat was produced. The orange-coloured solution was refluxed 
at 110-20° for 3 hours, after which the azeotrope (b.p. 68°) was carefully fractionated till the 
distillate attained a constant temperature of 80°. The subsequent fractions were collected sepa- 
rately under a high reflux ratio of 1:20. On drying the reaction product at 50°/1.0 mm., an 
orange-red thick liquid (5.57 g.), miscible with benzene, was obtained. [Found : ethanol in 
azeotrope, 1.47 g. against 1.51 g. calc. for 2 moles (for orthotitanate taken)]. [Found : Ti, 14.77; 
C,H,O, 56.0. (C,H;O),. Ti(OEt), requires Ti, 14.79; C,H,O, 57.41%]. 


(b). Phenol (5.70 g., 60.64 mM) was allowed to react with ethyl orthotitanate (6.88 g., 
30.18 mM) in refluxing benzene (20.0 g.) for 4 hours. An orange-red thick liquid (10.0 g.) was 
obtained. [Found : Ti, 14.53 ; C,H;O, 55.91. (C,H,O)..TH(OEt), requires Ti, 14.79; C,H,O, 
57.41%]. 


The above compound (7.02 g.) was heated to 240°/1.0 mm. A few drops of a light yellow 


liquid first appeared, followed by an orange-red liquid (4.58 g.) at 210-15°'1.0 mm. [Found: 
Ti, 16.19; C,H,O, 41.07%]. 


The distillate (3.5 g.) from above was fractionated under reduced pressure. A faint yellow 
mobile liquid (0.92 g.) collected at 120°/0.9 mm. [Found: Ti, 21.00; OEt, 80.54. Calc. for 
Ti (OEt),: Ti, 20.99; OEt 79.01%]. 


Next, an orange-yellow liquid (0.86 g.) was collected at 211° 0.5 mm. (Found; Ti, 16.9%). 


Finally a deep red liquid, immediately solidifying to a deep red solid (0.4 g.), was collected’ 
at 235°/0.5 mm. (Found: Ti, 11.66%). 


Reaction between Isopropyl Orthotitanate and Phenol (molar ratio \:2).—Phenol (3.39 g., 
36.06 mM) was treated with isopropyl orthotitanate (5.24 g., 18.45 mM) in refluxing benzene 
(50.0 g.). The liberated isopropanol was carefully fractionated completely. A dark red viscous 
liquid (6.78 g.), miscible in benzene, was obtained after drying the product at 50°/1.0 mm. 
[Found: isopropanol in azeotrope, 2.19 g. against 2.21 g. calc. for 2 moles (for orthotitanate 
taken)]. (Found: Ti, 13.58; CgH;O, 52.12. (CgH;O)..Ti(OPr'), requires Ti, 13.61; C,H,O, 
52.84%]. 
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The compound (4.76 g.) was heated under reduced pressure at 190° when a faintly yellow, 
mobile liquid (2.99 g.) having a boiling range 67-68.5°/1.5 mm was collected. [Found: Ti, 17.04 ; 
OPr', 85.61. Calc. for Ti(OPr'),: Ti, 16.85; OPr', 83.15%]. 

Reaction between Ethyl Orthotitanate and Phenol (molar ratio |:3.).—Ethyl orthotitanate (4.29 
g., 18.82 mM), phenol (5.38 g., 57.23 mM), and benzene (40.0 g.) were heated at 110-20° under 
a fractionating column. The ethanol produced in the reaction was completely removed azeotro- 
pically. The product was dried at 40°/1.0 mm. A very thick, viscous, orange-red liquid 
(7.34 g.), which set to a tranSparent glass like mass, was obtained. Deep red crystals separated from 
its benzene solution after a fortnight. [Found: ethanol, 2.4] g. against 2.54 g. calc. for 3 moles 


(for orthotitanates taken)]. (Found: Ti, 12.40; C,H,O, 72.02. (C,H,O);TiOEt requires Ti, 


12.87; CgH,O, 75.06%). 

The above compound (3.65 g.) was heated to 240°/0.8 mm. An orange liquid (0.8 g.) collected 
at 217-24°/2.0 mm. (Found: Ti, 15.74; C,H,O, 60.59%). 

Reaction between Isopropyl Orthotitanate and Phenol (molar ratio |:3).—An orange-yellow 
solution was obtained by stirring together isopropyl orthotitanate (3.55 g., 12.49 mM), phenol 
(3.54 g., 37.66 mM), and benzene (43.0 g.) The Solution was refluxed under the column at 1 10-20° 
for an hour, after which the isopropanol liberated in the reaction was completely fractionated. 
On drying the product at 80°/1.5 mm, a deep red, thick, viscous liquid (5.08 g.), soluble in benzene» 
was obtained. [Found: isopropanol in azeotrope, 2.19 g. against 2.25 g. calc. for 3 moles (for ortho- 
titanate taken)]. [Found: Ti, 12.43; C,H,O, 71.53. (CgH,O)s Ti-OPr' requires Ti, 12.40; 
C,H;0, 72.30%]. 

Reaction between Ethyl Orthotitanate and Phenol (molar ratio 1:4).—Phenol (7.50 g., 79.7 mM) 
was treated with ethyl orthotitanate (4.41 g., 19.35 mM) in refluxing benzene (71.0 g.). The 
ethanol produced in the reaction was carefully fractionated over a period of 1 hours. The 
reaction mixture was evaporated to dryness under reduced pressure and the product was dried at 


~ 80°/1.0 mm. A red powder (8.4 g.) was obtained, soluble in benzene, m.p. 154-55° (in a sealed 


tube). (Found: ethanol in azeotrope, 3.44 g. against 3.48 g. contained in orthotitanate taken). 
[Found: Ti, 11.30; CgH,O, 87.90. Calc. for Ti(OC,H;),: Ti, 11.38; CJH,O, 88.62%]. 

The above compound (3.7 g.) gave a deep red liquid, b.p. 226°/0.2 mm, which readily 
solidified to a scarlet solid (2.2 g.) [Found: Ti, 11.32; CgH,O, 87.90. Calc. for Ti{OC,H;),: 
Ti, 11. 38; CgH,O, 88.62%]. 

One of the authors (I. D. Varma) is grateful to the Scientific Research Committee, U.P., 
for award of a scholarship during the tenure of which this work was carried out. 
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Normal Organic Salts of Tungsten 
Sarju Prasad and K. S. R. Krishnaiah 


Several normal organic salts of tungsten have been prepared by the action of tungsten (VI) chloride on mono- and 
dicarboxylic and hydroxy acids. The properties of the compounds have been studied and their structures discussed, 
Fernandes (Gazzetta, 1923, 53, 514) prepared some heteropoly compounds of gallic 
acid with molybdic, tungstic, and uranic anhydrides. By polarimetric analysis and pH 
determinations, Raman and Vaishya (this Journal, 1934, 11, 179) observed complex formation 
between sodium tartrate and tungsten salts in the molecular proportions of 3:2 and 2:| respectively. 
Sartori (Gazzetta, 1934 64, 17) studied the preparation of some tungstoquinates and molybdoqui- 
nates. Pan et al. (Chemistry, Taiwan, No. 2, pp. 17-25, 1954) studied the composition of the 
complexes formed between tungstate and organic acids by conductometric titration. 
The present investigation was undertaken to study the formation of normal salts of tungsten 
with mono- and dicarboxylic acids, and hydroxy-acids and the properties of the compounds formed. 


EXPERIMENTAL 


The chemicals used were of Merck's or B.D.H. ‘extra pure’ quality. Tungsten (VI) chloride 
was prepared as before (this Journal, 1960, 37, 588). The organic solvents were dehydrated and 
redistilled. 

Tungsten (VI) chloride in CCl, was mixed with an excess of the acid, suspended in CCl. 
The mixture was slowly warmed at about 60° on an oil bath for nearly half an hour. The tempera- 
ture of the bath was then slowly raised and finally the residue was heated at a temperature |0-15° 
higher than the m.p. of the acid till the evolution of HC] (gas) had ceased, the reaction having been 
carried out in an atmosphere of nitrogen. The product was washed well with ether or other 
organic solvents till free of acid and dried in vacuum. 


A weighed quantity of the compound was digested with HNO; (conc.) for several hours on 
a water bath. It was evaporated to dryness, ignited, and weighed as WO;. The percentage of 
tungsten and empirical formula of the compound were calculated from the weight of WO; obtained. 
Carbon and hydrogen were estimated by combustion method in four cases and in the rest the 
organic matter was found by difference. Products obtained are listed in Table I. 

General Properties—All the compounds are coloured, insoluble in CCl,, ether, and benzene, 
but sparingly soluble in ethanol. Tungsten laurate and tungsten myristate are, however, sparingly 
soluble in CCl, and in benzene. The compounds did not respond to tests for chlorine. These are 
very stable in dry atmosphere, hydrolyse slowly on boiling with water, and are decomposed 
by acids and alkalies. 

DISCUSSION 

One molecule of WCl, reacts with six molecules of a monocarboxylic acid and three molecules 
of a dicarboxylic acid, the reaction being more vigorous with the latter. 

With the hydroxy-acids the reaction is vigorous and the hydrogen of the carboxyl and the 
hydroxyl groups is displaced. In all the cases the corresponding tungsten salts are formed. | 

Nitro-acids give similar results. In 3,5-dinitrosalicylic acid both the carboxyl and the 
hydroxyl groups are affected as in hydroxy-acids. 

The authors’ sincere thanks are due to the authorities of the Banaras Hindu University for 
providing the necessary facilities. 
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Chemistry of Aminobenzothiazoles: Oxidation of 1,5-Diaryl- 
2-S-ethyl-4-thiobiurets. 
isothiocarbamides and Related Guanidines 
C. P. Joshua 


Oxidation of 1,5-diaryl-2-S-ethyl-4-thiobiurets has been found to yield the related N-2-benzothiazolyl-N’'-aryl-S- 
hylisothiocarbamides and not the expected |,2,4-thiadiazoles. _Inetraction of ammonia and the above _isothiocarbamides 
affords the corresponding guanidines. The relevant structures have been confirmed by alternative synthesis. 


Oxidation of N-aryl-substituted thiocarbamides leads to the formation of heterocyclic bases 
(Hector, Ber., 1889, 22, 1176). The chemistry of the one derived from N-phenylthiocarbamide 
has been recently reviewed (Suresh, J. Sci. Res., B.H.U., 1958-59, 9, 94; Ph.D. Thesis, B.H.U.) ; 
its isomeric transformation to 3,5-diphenylimino-|,2,4-thiadiazolidine (II), observed by Dost 
(Ber., 1906, 39, 863) and Kurzer (J. Chem. Soc., 1956, 2345; Chem. Ind., 1956, 526), strongly 
suggests structure (I) for this substance. 


PhN:C NPh PhN:C NH 

(I) (II) 


Since 1,2, 4-thiadiazoles are known to be formed (Kurzer et al., J. Chem. Soc., 1955, 1, 2288 ; 
1956, 2345, 4524; 1957, 2999) by oxidative cyclisation of compounds, which include the system 
-C (: NH)-NH-C(:S)-, it appears likely, although Kurzer and Taylor (ibid., 1958, 379) have opined 
otherwise, that |, 5-diaryl-2-S-ethyl-4-thiobiurets (III) is oxidised thus : 


Ar.NH—C : N—C—NH.Ar Oxidation Et.S—C—=N 


HN——C:NPh 


| | | 
(III) 
(IV) 


Replacement of an S.Et group in (IV) by an : NH group furnishes (I), the expected structure 
of Hector’s base. 

Several compounds of type (III) (where Ar = phenyl, o-, m-, and p-tolyl, and « -naphthyl) 
were prepared and oxidised under a variety of conditions to the corresponding oxidation products, 
which on treatment with ethanolic ammonia in a sealed tube replaced their -S.Et group with :NH, 
affording derivatives isomeric with Hector’s bases. These amido and S-ethyl derivatives were 
identified with the appropriate N-2-benzothiazolyl-N’-arylguanidines (VI) and N-2-benzothiazolyl- 
N'-aryl-S-ethylisothiocarbamides (V). The sequence of these changes can be represented as : 


| 4 ll 
S S.Et 5 NH 


(V) (V1) 
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Compounds (V) and (VI) have been prepared also by an alternative route : from the related 
N-2-benzothiazolyl-N’ -arylthiocarbamides (Joshua, this Journal, 1960, 37, 621; vide Experimental). 


The expected |, 2, 4-thiadiazole derivatives were not obtained. 


EXPERIMENTAL 


1,5-Diaryl-2-S-ethyl-4-thiobiurets were readily obtained by condensing the appropriat. 
N-aryl-S-ethylisothiocarbamide with the desired aryl isothiocyante. A typical set of details 
leading to the formation of |,5-diphenyl-2-S-ethyl-4-thiobiuret is given below. 

Phenylthiocarbamide (15 g.) was refluxed on a water bath with ethyl iodide (8.5 c.c.) in 
ethanol (25 c.c.). The S-ethyl-N-phenylisothiuronium iodide obtained was basified ; the free 
base was extracted with benzene (Bertram, Ber., 1892, 25, 55). The benzene extract after drying 
over calcium chloride was treated with the requisite quantity (13.5 c.c.) of phenyl isothiocyante. 
After warming on a water bath for | to 2 hours the expected isodithiobiuret was formed (16 g.). 
It was crystallised from solvents, such as, ethanol, ethyl acetate, or methanol. The other diaryl- 
isodithiobiurets were prepared similarly. Physical characteristics and analytical data of the respec- 
tive diarylisodithiobiurets are shown in Table I. 


TABLE | 
Formula. 


No. _Reactants. Diaryl-2-S-ethyl-4- Cryst. 
thiobiuret. from 
S-Ethylphenyl-T 1,5-Diphenyl- E:OH 
+phenyl I 
EtAc 


S-Ethyl-o-tolyl-T 1,5-Di-o-tolyl- 
+o-tolyl I 


1,5-Di-m-tolyl- E:OH 
1,5-Di-p-tolyl- 112° E:OH 


1,5-Di-a-naphthyl 135° Benzene 


N.B. T and I represent respectivly isothiocarbamide and isothiocyante. 
* Johnson and Crammer, Am. Chem. J., 1903, 30, 81. 


Oxidation of \,5-Diaryl-2-S-ethyl-4-thiobiuret 


(a) With Bromine in Ethanol.—To a clear solution of | ,5-diaryl-2-S-ethyl-4-thiobiuret (0.02M) 
in ethanol (30 c.c.), acidified with HBr (2 c.c.), was added a solution of bromine (1.1 c.c., 0.02M) 
in dilute ethanol with efficient stirring. The colour of bromine was gradually discharged with the 
separation of the hydrobromide of the base as a colorless crystalline solid. It was crystallised 
from boiling ethanol. The five diarylisodithiobiurets were oxidised in a similar manner. 


Oxidation of the diarylisodithiobiurets with bromine in benzene or chloroform medium was 
also found to afford the same products as obtained above in an ethanolic medium. Physical 
characteristics and analytical data of the respective oxidation products are shown in Table II. 


(6). With Iodine in Ethanol.—To a clear ethanolic solution of the diarylisodithiobiuret was 
added iodine in ethanol with stirring till the iodine colour was discharged. The hydroiodide 
precipitated was filtered, washed with ethanol, and dried. The hydroiodides obtained by the 
oxidation of the four diarylisodithiobiurets melted respectively at 132°, 140°, 142° and 138° 


Found. Calc. 
C:63.06 62.97 
H: 6.16 6.12 
N:12.28 12.24 
3. S-Ethyl-m-tolyl-T ” C6281 62.97 
4 N:11.99 12.24 
4 S-Ethyl-p-tolyl-T C:63.01 62.97 
: +p-tolyl I H: 6.14 6.12 
N:12.06 12.24 
5. S-Ethyl-a-naph- N: 9.80 10.06 
thyl-T + 
a-naphthyl I 
| 
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(as shown in order in Table I). The free bases obtained from these hydroiodides had the same 
m.p.’s as the bases obtained from the above hydrobromides. 


TABLE Il 
No.  Diaryl-2-S-ethyl-4- Oxidation product. Hydrobromide. Free base. 


thiobiuret oxidised. MP. Equiv. MP. Formula. Found. Calc, 
Found. Calc. 
1,5-Diphenyi- N-2-B-N’-phenyl- 198° 401.4 398 83° C:60.81% 61.34% 
S H: 469° 479° 
HBr) * N:13.30 13.41 
2. —1,5-Di-o-tolyl- N-2-(4-Methyl)- 185° 422.7 422 67° CysHisN3S2 C:62.87 63.34 
B-N’-o-tolyl-S H: 5.49 5.55 
N:12.28 1231 
HBr) 
3. —1,5-Di-m-tolyl- N-2-5-Methyl) 162° 423.2 422 97° C:62.97 63.34 
B-N’-m-tolyl-S H: 5.72 5.55 
N:11.99 12.31 
HBr) 
1,5-Di-p-tolyl- 


5.  1,5-Di-a-naphthyl- 168° 500.2 499 176° N: 9.98 10.16 
-NV'-a- 
naphthyi-S 
HBr) 


Sand B represent respectively S-ethylisothiocarbamide hydrobromide and benzothiazolyl. 


Formation of N-2-Benzothiazolyl-N'-aryl guanidines 
N-2-Benzothiazolyl-N’-aryl-S-ethylisothiocarbamides (2 g.) and strong ethanolic ammonia 
(10 c.c.) were taken in a sealed tube and heated in a bomb furnace at 100-10° for about 
4 to 6 hours. The contents of the sealed tube after breaking were boiled to remove excess of 
ammonia and ethyl mercaptan, formed in the reaction, and left for crystallisation. The crystals 
were collected and recrystallised from ethanol. Picrates and hydrochlorides of the bases were 
prepared. Melting points and analyses of the guanidines obtained are recorded in Table III. 


TABLE III 
Amido derivatives. Hydrochlorides. Picrate 
S-Ethylisothio- Guanidine. M.P. %Nitrogen. Formula. Equiv. m.p. 
carbamide. Found. Calc. Found. Calc. 
 N-2-B-N’- N-2-B-N'- 154° 21.00% 20.90% 203-205° 305.1 304.9 *227° 


-S LG 


2. N-2-(4-Methyl)- N-2-(4-Methyl)- 170° 18.80 19.01 217° CysHieNS,HCl 335.0 332.5 240° 
B-N’-o-tolyl-S  B-N’-o-tolyl-G 
(CysHisN,S) 
3. N-2-(5-Methyl)- N-2-(5-Methyl)- 195° 18.40 19.01 196° CysHyeN,S,HC] 331.0 332.5 192° 
B-N’-m-tolyl-S_ B-N’-m-tolyl-G 
(CysHieN,S) 
4. N-2-(6-Methyl)- N-2-(6-Methyl)- 198° 19.20 19.01 196° CyHyNiSHC] 332.7 3325 227° 
B-N’-p-tolyl-S B-N’-p-tolyl-G 
N-2-a-Naph- N-2-a-Naph- 225° 15.31 15.21 245° 410.2 404.5 272° 
a-naphth: a-naphthyl- 
(C.:H; 
B, S, and G represent respectively benzothiazolyl, isothiocarbamide, and guanidine. 


* Joshua, loc. cit. 


B-N'-p-tolyl-S H: 5.72 5.55 
N:12.10 12.31 
HBr) 
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The identity of (1)—(4) above was further confirmed by mixed m.p.’s with authentic samples 
(Joshua, loc. cit.), when no depression was recorded. 


N-2-Benzothiazolyl-N’-phenyl-, N-2-(5-methy])- 
benzothiazolyl-N’-m-tolyl-, and N-2-(6-methy])-benzothiazolyl-N’-p-tolyl-thiocarbamides were pre- 
pared (Joshua, loc. cit.). The required thiocarbamide (2 g.) was suspended in acetone-methano! 
mixture (1 : 1); 10° NaOH solution (5 c.c.) and ethyl iodide (1 c.c.) were added, and the mixture 
was heated for 3 to 4 hours on a water bath under reflux. The reaction mixture was filtered hot, 
basified with alkali, and kept aside for crystallisation. Crystals were collected and recrystallised 
from solvents like methanol, ethanol, and ethyl acetate. 

(i). N-2-Benzothiazolyl-N'-phenyl-S-ethylisothiocarbamide: M.P. 83°. (Found: C, 60.81; 
H, 4.69; N, 13.3. CygHisN3S. requires C, 61.34; H, 4.79; N, 13.41%). Mixed m.p. with the 
base obtained by the oxidation of |,5-diphenyl 2-S-ethyl-4-thiobiuret remained undepressed. 

(ii). N-2-(4-Methyl)benzothiazolyl-N'-o-tolyl-S-ethylisothiocarbamide : M. P. 67°. (Found: 
N, 12.2. CygHigNsS2 requires N, 12.31%). Its m.p. remained undepressed with the base 
obtained by oxidation of the corresponding isodithiobiuret. 

(iii). N-2-(5-Methyl)benzothiazolyl-N'-m-tolyl-S-ethylisothiocarbamide: M. P. 93°; mixed 
m.p. with the base obtained by the oxidation of 1, 5-di-m-tolyl-2-S-ethyl-4-thiobiuret remained 
undepressed. 


The N-2-(6-methyl)benzothiazolyl-N’-p-tolyl-S-ethylisothiccarbamide could not be obtain- 


ed in a crystalline condition. 


Sincere thanks of the author are due to Dr. R. H. Sahasrabudhey for his interest, to Prof. G. B. 
Singh, and to the authorities of the Banaras Hindu University for facilities, and to the University 
Grants Commission for a scholarship. 
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Reactivity of Chalkones : Action of Bromine and Ethyl Acetoacetate 
on 5'-Benzoyl-2'-hydroxychalkones 


Usha G. Joshi and G. C. Amin* 


Action of bromine on 5’-benzoyl-2’-hydroxychalkones affords af-dibromochalkone derivatives, With ethyl 
acetoacetate the same chalkones furnish ethyl 2-(substituted phenyl)-4-(5"-benzoyl-2"-hydroxyphenyl)-A‘-cyclohexen- 
6-one-|-carboxylates, which undergo hydrolysis and simultaneous decarboxylation by aqueous ethanolic KOH to the corres- 
ponding substituted diphenylcycloh derivatives. 


Since a chalkone contains a double bond in the vicinity of the ketonic group, the action 
of bromine affords an interesting study. From the extensive work on the bromination of the chal- 
kones, several empirical generalisations have been made (Tambor, Ber., 1916, 49, 1704 ; Wheeler 
et al., J. Chem. Soc., 1938, 1320; 1939, 91, 93, 1004; Jadhav et al., Proc. Ind. Acad. Sci., 1948, 
28A, 125; J. Univ. Bombay, 1948, 16, Part V, 43 ; 1954, 22, V, 43, et seq ; this Journal, 1954, 31, 
746). 

In the present investigation, 5’-benzoyl-2’-hydroxychalkones have been brominated by bro- 
mine in acetic acid solution. Although each chalkone molecule contains three benzene rings, only 
two bromine atoms are absorbed. Bromine atoms presumably enter only at the double bond, 
producing «$-dibromide (I), as proved by regeneration of the original chalkone by their elimi- 
nation with KI in acetone solution. The reaction is smooth in all cases, unaffected by 
polybromination or other side reactions in spite of the presence of hydroxy and/or methoxy 
groups. 

The action of ethyl acetoacetate on few chalkones has been reported by some workers 
(Knoevenagel, Ber., 1898, 31, 730; 1902, 35, 395; Forster and Heilbron, J. Chem. Soc., 1924, 
340 ; Nadkarni et al., ibid., 1937, 1798 ; Davey and Gwilt, ibid., 1957, 1015). In the present work, 
with ethyl acetoacetate in presence of sodium ethoxide, chalkones furnish ethyl 2-(substituted 
phenyl)-4-(5 (II: X = COOEt), 
even when free hydroxy and/or methoxy groups are present (Nadkarni et al., loc. cit.). The inter- 
mediate addition product could not, however, be isolated in any case. These diphenylcyclohexe- 
none esters smoothly underwent hydrolysis and simultaneous decarboxylation by the action of 
aqueous ethanolic KOH, producing 2-(substituted phenyl)-4-(5"-benzoyl-2°-hydroxyphenyl)- 
A*-cyclohexen-6-ones (II: X =H). These cyclohexenone derivatives develop a red coloration 
with H,SO, (conc.), indicative of the cyclohexanones of this type (Borsche, Annalen, 1910, 375, 
145 ; Forster and Heilbron, loc. cit.). 


(II : X = COOEt and H) 
* Present address : Research Laboratory, The Amar Dye Chem. Limited, P. B, 28, Kalyan, Bombay. 
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EXPERIMENTAL 


5'-Benzoyl-2'-hydroxychalkones were prepared by condensing 5-benzoyl-2-hydroxyaceto- 
phenone with appropriate benzaldehyde derivatives in presence of 40° KOH, as described earlier 
(Joshi and Amin, /zvestia Akad. Nauk, USSR, Otdel. Khim. Nauk, 1960, 267). Melting points 
of the compounds are recorded in Table I. 


TABLE I 
5'-Benzoyl-2'-hydroxychalkone «$-dibromides (1). 
Cryst. appearance. **VP. Formula. % Bromine. 


114° Nil Pale yellow shining needles (E) 185° 32.45 32.78 

2. 159° 2-Hydroxy Yellow granules (E) 94° 31.48 31.75 

153° 3-Hydroxy Yellow granules (dil.A) 31.58 31.75 

4 194° 4-Hydroxy Clusters of yellowish white 82° 31.63 31.75 
needles (A) 

124° 4-Methoxy Pale yellow granules (A) 161° 30.56 3.89 

138° 3-Methoxy- Yellow granules (A) 108° 29.68 29.% 


4-hydroxy 
3, 4-Dimethoxy Yellow short needles (dil.A) 
8. 173° 3, 4-Methylenedioxy Yellow short needles (dil.A) 165° Cy3Hi60;Br2 29.83 30.07 


9. 182° 3-Nitro short needles 110° s0;NBr, 29.82 30.02 
10, 178° 3-Chloro-4-methoxy Yellow granules (dil.A) 108° Cy3H,0,Br,Cl 35.13 35.38 
(Total halogen) 


* Of the original chalkone. 
** Ot the dibromides. 


The various «§-dibromochalkones (I), ethyl 2-(substituted phenyl)-4-(5"-benzoyl-2’- 
X = COOEt) and the corresponding 
decarboethoxylated products (II : X = H) were prepared by the general methods described below. 
The compounds are listed in Table I—III. The solvent for crystallisation of each compound is 
indicated by letters in parenthesis (A, acetic acid, and E, ethanol) in the tables. 


General Procedure 
5'-Benzoyl-2'-hydroxychalkone «8-Dibromide (1).—5'-Benzoyl-2'-hydroxychalkone (0.5 g.) in 


acetic acid (50 c.c.) was treated with bromine in acetic acid (0.4 c.c., 50%). The reaction 
mixture was kept for 4 hours at room temperature (22-26°) and then diluted sufficiently with cold 
water. The yellow solid separating was filtered, washed with Na,S,O; solution (5%), and 
crystallised. In case of compounds No. 2, 3, 4, and 6, a dilute bromine solution in acetic acid 
(20-25%) was used. 

Re-formation of the Original Chalkone by Debromination—A mixture of the above dibromide 
(0.2 g.) and KI (0.2 g.) in ‘dry acetone (20-25 c.c.) was refluxed on a water bath at 65-70° for 
2to3hours. The solid, obtained after removal of acetone and pouring the contents in water, was 
washed with Na,S,O, solution (5%) and crystallised from ethanol. The product was identified 
as the original chalkone in each case by direct comparison with the authentic sample of the chal- 
kone. 
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REACTIVITY OF CHALKONES 


TABLE II 


Ethyl 24substituted phenyl)-4-(5" -benzoyl-2" 
(II : X = COOE?). 
No. Substituent. Cryst. appearance. MP. Formula. %Carbon. % 


Gb 
5.24 


5.45 


76.35 


172° CosH 05 76.12 


Pale yellow shining needles 
(E) 

Slightly discoloured thin 76° CysHoOg 73.28 73.67 5.03 5.26 
plates (E) 

13 3’-Hydroxy Pale yellow granules (E) 152° CosHaOc 73.38 73.67 5.02 5.26 

Pale short needles 186° 73.46 73.67 5.05 5.26 


shining 192° 7380 7404 531 5.53 
(E) 


16  3'-Methoxy- Long thick brownish 77° 71.32 71.61 5.14 5.35 
4'-hydroxy needles (E) 


17 3',4’-Dimethoxy Pale 187° 71.72 (71.99 5.39 5.60 


18 Pale. 188° 71.66 71.91 4.09 


C2sH.30;N 69.02 69.28 4.53 4.74 


Shining short yellowish 
needles (E) 


Short shining needles (E) CogHosO.Cl [ Cl: 6.75 7.03 


TABLE Ill 


2-(Substituted phenyl)-4-(5" -benzoyl-2" -hydroxyphenyl)-A*-cyclohexen-6-one (11 : X = H). 


No.  Substituent. Cryst. appearance. MP. Formula. % Carbon. Hydrogen. 
aa 


203° 81.32 81.53 5.23 5.43 


Pale yellow short needles 
(E) 


215° 77.81 = 78.12 4.95 5.20 


Light brown granules (E) 214° CysH 7789 78.12 4.87 5.20 
Pale yellow clusters of 99° CasHoo0, 77.84 78.12 4.90 5.20 
needles (E) 


White thin plates (E) 145° CagHos0, 78.06 78.39 5.36 5.52 
Thin brownish plates(E) 155° 75.12 75.37 5.10 531 


Short white shining 231° Cs7H2,0; 75.42 75.70 5.37 5.60 
needles (E) 
Brownish granules (E) 107° CygHoo0; 75.42 75.73 4.53 4.85 


185° 72.36 72.63 4.35 4.60 
214° C.6H,,0,Cl Cl: 7.99 


Yellowish thin plates (E) 
Pale yellow short needles 
(E) 
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methoxy 
2 
23. 3'-Hydroxy 
24 4'-Hydroxy 
‘ 
26 3’-Methoxy- 
4'-hydroxy 
3',4’-Methylene- 
dioxy 
3'-Nitro 
30 3'-Chloro-4’- 
methoxy 
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Ethyl 2-(Substituted phenyl)-4-(5"-benzoyl-2"-hydroxyphenyl)-A*-cyclohexen-6-one-|-carboxy- 
late (II : X = —COOEt).—To a solution of sodium (0.2 g.) in absolute ethanol (15-20 c.c.) the 
chalkone (0.5 g.) and ethyl acetoacetate (0.5 c.c.), followed by more ethanol (10 c.c.), were added. 
The coloured mixture was refluxed on a water bath for 2 to 3 hours and then diluted. Or, 
acidification by HCl (dil.), a yellow solid separated, which was crystallised from ethanol (E). 


2-(Substituted phenyl)-4-(5"-benzoyl-2"-hydroxyphenyl)-A*-cyclohexen-6-one (I1 : X = H).— 
A solution of the above ethyl diphenylcyclohexenone carboxylate derivative (0.5 g.) in ethano! 
(15-20 c.c.) and 5% NaOH solution (10 c.c.) was refluxed on a boiling water bath for 5 to 6 hours. 
It was diluted with cold water (about 200 c.c.) and acidified by HCl. A brownish solid separating 
was collected, washed with 5°, NaHCO; solution, and crystallised once or twice. 


Authors thank Dr. S. R. Patel, Chemistry Department, Gujarat University, Ahmedabad 
for the kind interest in the work and one of them (G.C.A.) thanks Gujarat University, for a 


research grant for some chemicals. 
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Chemistry of Vanadium. Part VI*. Studies on the Formation of 
Vanadyl (VO)** Salts of Organic Acids 


Sarju Prasad and Kailash Nath Upadhyaya 


Vanadyl (VO)*+ salts of several organic acids have been prepared by the action of VOCI, on molten acids. 
Properties of the products have been studied and structures discussed. 

Hypovanadic acid unites with many organic acids to form stable and in most cases crystalline 
compounds (Gain, Ann. chim. phys., 1908, viii, 14, 224; Berzelius, Pogg. Ann., 1831, 22, 1). 
Fischer (Trans. Amer. Electrochem. Soc., 1916, 30, 190) observed that vanadium pentoxide dissolved 
in organic and inorganic acids to form vanadyl salts. Vanadium oxytrichloride is known to form 
substitution products with many organic compounds. Funk ef al. (Z. anorg. Chem., 1958, 296, 
36) reported the formation of VO(o-CIC,H,O);, VO(p-CIC,H,O);, and VO(OPh), with ortho- 
and para-chlorophenols and phenol respectively and of VOCI,(C;H;O,), VOCKC;H,O,)., and 
VO(C;H,O,). with methyl malonate under different conditions. They also prepared trialkyl 
esters of the types VO(OMe); and VO(OEt)s. 

A careful review of the literature shows that practically no systematic work has been done 
on the formation of vanadyl (VO)** derivatives of organic acids. The present work was therefore 
undertaken with a view to studying the preparation and properties of these compounds. 


EXPERIMENTAL 


Vanadium oxytrichloride was prepared by the method of Roscoe (J. Chem. Soc., 1868, 21, 
342) and purified by distillation. It was redistilled over metallic sodium; the pure compound was 
extracted with anhydrous CCl, and analysed for purity. Analysis confirmed the purity of the 
product. (Found: V, 29.28; Cl, 61.54. Cale. for VOCI,: V, 29.39; Cl, 61.38%). Other 
chemicals used were of B.D.H. or E. Merck's ‘extra pure’ quality. The acids were recrystallised 
before use. 

General Method of Preparation.—An excess of the acid suspension in CCl, was added to a solu- 
tion of VOCI; in CCl, and mixed well in a reaction vessel connected to CaCl, and P.O; tubes. The 
mixture was heated on an oil bath gently in the beginning and then at a temperature 10-15° higher 
than the melting point of the acid. When the evolution of HCI gas had ceased, the heated mass 
was cooled and washed with anhydrous ether till free of the acid. It was dried and analysed. 


Vanadium was estimated in H,SO, (dil.) by reduction with SO,, removal of SO, by CO,, 
and titration with a standard KMnQ, solution at 70°. Carbon and hydrogen were estimated in a 
few cases by combustion method. 

General Properties.—In all the cases crystalline, coloured, slightly hygroscopic but fairly stable 
compounds were obtained. These compounds are soluble in ethanol, acetone, or ethyl acetate 
and insoluble in ether, benzene, CCl,, or CHCls. These are slowly hydrolysed by cold water 
or dilute mineral acids and readily when boiled, and are fairly soluble in alkali solutions. The 
compounds did not respond to tests for chlorine. 

One molecule of VOCI; reacts with three molecules of monobasic acids and two molecules 
of dibasic acids with formation of the corresponding salts. With dibasic acids the reaction is 
more vigorous and is completed in comparatively small time. 


* Part V: This Journal, 1960, 37, 543. 
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In the case of citric acid, only one molecule of VOCI; reacts with one molecule of the acid and 
(CH,),C(OH)(COO),(VO) is formed, showing that hydrogen of only carboxylic groups is beiny 
displaced. 


TABLE | 
Vanadyl (VO)** salts of organic acids. 
No. Acids. Colour. MP. %Vanadium. %Carbon. Hydrogen. Probable formula. 
Found. Calc. Found. Cale. Found. Calc. 
Lauric Greyish brown 7.60 7.68 64.21 65.06 10.15 1038 
Myristic Greyish black 682 .. .. 
Palmitic Blackish brown 6.13 .. ..  [CH,(CH,),,COO},(VO) 
Stearic Greenish black 5.57 68.93 70.74 11.18 11.47 
Oleic Light brown 5.60 62.02 71.22 1057 10.88 (CH.(CHCHEH(CH)- 


Benzoic Bright yellow ‘167° 11.86 57.88 58.60 353 3.49 (C,H,COO),(VO) 
Sebacic Yellowish brown 56° . 
Succinic Greyish brown 135° 21.16... -- 
Phthalic Yellowish green 213° 16.29... 
Citric Greenish black 163° 20.15 28.72 28.13 1.89 1.96 (CH,),C(OH\COO),(VO) 


The authors’ sincere thanks are due to the authorities of the Banaras Hindu University for 


providing facilities. 
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Synthesis of New Local Anaesthetics. Part V 
P. N. Bhargava and K. U. Prasad 


2, 6-Diphenyl-, 2, 6-dicinnamyl-, 2, 6-difurfuryl-, 2, 6-dianisyl-, 2, 6-di-p-dimethylaminophenyl-, 2, 6-di-p-tolyl- and 
2, 6-dipiperonyl|-3-ethoxycarbonyl-4-piperidonoacetyl-2'-amino-4'-phenylthiazoles and their hydrochlorides have been syn- 
thesised and their local anaesthetic activities tested. The hydrochlorides of 2, 6-dianisyl-, 2, 6-difurfuryl-, and 2, 6-diphenyl- 
3-ethoxycarbonyl-4-piperidonoacetyl-2’-amino-4'-phenylthiazoles have been found to be active. 

In continuation of the previous work on local anaesthetics by Bhargava et al. (this Journal, 
1957, 34, 42; 1960, 37, 241, 314; 1961, 38, 77) it was considered worthwhile to prepare 
2-amino-4-phenylthiazole and to condense it first with chloroacetyl chloride and subsequently 
with 2,6-diphenyl-, 2,6-dicinnamyl-, 2,6-difurfuryl-, 2, 6-dianisyl-, 2, 6-di-p-dimethylaminopheny]-, 
2,6-di-p-tolyl-, and 2,6-dipiperonyl-3-ethoxycarbonyl-4-piperidone so as to obtain the corres- 
ponding 2’-amino-4'-phenylthiazoles. The hydrochlorides of these bases have been prepared and 
their local anaesthetic activity has been tested by frog's sciatic plexus method. 


Pharmacological screening, according to the procedure adopted by Bulbring and Wajda 
(J. Pharmacol., 1945, 85, 78), has shown that the hydrochlorides of 2,6-dianisyl-, 2,6-difurfuryl-, and 
2,6-diphenyl-3- are strongly active 
compounds. All these compounds with the exception of 2,6-dicinnamyl derivative take less 
time for the onset of anaesthesia than procaine hydrochloride, the standard substance. 


EXPERIMENTAL 


Chloroacetyl-2-amino-4-phenylthiazole.—Chloroacetyl chloride (3 c.c.), dissolved in dry 
benzene (12 c.c.), was gradually added to 2-amino-4-phenylthiazole (Dodson and King, J. Amer. 
Chem. Soc., 1945, 67, 2242) (5 g.), dissolved in benzene (30 c.c.). The reaction mixture was warmed 
at 70° on a water bath for 1.5 hours. Benzene was distilled ; the residue was washed first with 
sodium bicarbonate solution and then with water, and dried. The product was crystallised from 
ethanol in light yellow crystals, m.p. 157°, yield 19 g. (Found : S, 12.72. C,,Hs,ON.CIS requires 
S, 12.63%). 

2,6-Diaryl-3-ethoxycarbonyl-4-piperidones.—A mixture of ethyl acetoacetate (4 c.c.), benzalde- 
hyde (4 c.c.), and ammonium acetate (2.3 g.) in glacial acetic acid (15 c.c.) was heated under reflux 
at 110° in an oil bath for 2.5 hours. The contents were cooled and dissolved in ether ; a current 
of dry HCl gas was passed into it for 15 minutes. The hydrochloride so formed was dissolved 
in methanol and decomposed with ammonia (conc.) at 0° to precipitate the free base, which was 
crystallised from benzene, m.p. 106°. (Found: N, 4.30. Calc. for CypH.,O;N: N, 4.33%). 


ether pipestdonss wove poepated (gee Tobie 1). 
TABLE I 
Formula. 


Cinnamaldehyde Brown 112° C,,H,,0,N 3.85 3.73 
Furfural Violet 105° Cy6H,,0;N 4.64 461 


Yellow 135° C,,H,,0,N 3.99 3.98 


| 
No. ee % Nitrogen. 
Found. Calc. 
1. 
2. 
3. 
4. Anisaldehyde 84 Brown 88 ro 3.63 3.65 
5. Dimethylami 
92 
6. p-Tolualdehyde 78 
7 _ Piperonal 68 
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_chloroacety|- 
2-amino-4-phenylthiazole (1.25 g.), dissolved in ethanol (15 c.c.), 2,6-diphenyl-3-ethoxycarbony]- 
4-piperidone (1.6 g.) was added; the mixture was refluxed for 4.5 hours on a water bath. 
Excess of alcohol was recovered by distillation ; the residue was washed with sodium bicarbonate 
solution and finally with water. The product was crystallised from benzene in brown crystals, 
m.p. 125°. (Found : S, 6.04. Cs,H.0,N3S requires S, 5.93%). 


Similarly other 2,6-diaryl-4’-phenylthiazoles were prepared. Their hydrochlorides were also 
obtained as usual and crystallised from acetone (see Table II). 


TABLE II 


Aminophenylthiazoles. Hydrochlorides. 
MP. Formula. % Sulphur. MP. % Chlorine. 
Found. Calc. Found. Calc. 
125° 6.04 5.93 6.11 
119° 5.38 54l 104° 5.65 
128° C,;H,,;0.N;S 6.20 6.16 122° 6.39 
117° C33H330,N3S 5.30 5.34 101° . 5.53 
193° C35H3,0,N;S 4.89 5.11 94° 
121° C33H330,N;S 5.60 5.64 95° 5.88 
123° 5.29 5.10 96° 5.34 
* DPT stands for 2, 6-diaryl-3-ethoxycarbonyl-4-piperi cetyl-2'-amino-4'-phenylthiazole, corresponding to com- 
pounds in Table I. 


Pharmacological Test: Plexus Anaesthesia in F rogs.—Hydrochloride solutions of 0.1°% and 0.2% 
were used and the time of onset of anaesthesia was recorded and compared with that of procaine 
hydrochloride as a standard substance. The results are shown in Table III. 


TABLE III 


No. DPT hydro- 0.1 % Solution for onset of anaesthesia for 
chloride 0.1N-HCI. 05N-HCI. 
7 mins. 10 mins. 


14 16 


2. 
3. 
4. 
6. 
7. 

8. 


Procaine 
hydrochloride 
Pharmacological screening shows that hydrochlorides of 2,6-dianisyl-, 2,6-difurfuryl-, and 
2,6-dipheny] derivatives are active as local anaesthetics and require less time for onset of anaesthesia 
than the standard substance, procaine hydrochloride. 
Thanks are due to Dr. G. B. Singh, Head of the Department of Chemistry and the authorities 
of the Banaras Hindu University for providing necessary facilities. 
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Synthesis of New Local Anaesthetics. Part VI 


P. N. Bhargava and Phulgan Ram 


2-amino-4-phenyl-, -4-p-chlorophenyl-, -4-p-bromophenyl-, -4-methyl- and _piperidinoacetyl- 
2-amino-4-p-b yl-thiazoles have been synthesised and their local anaesthetic activities tested. The hydrochloride 


tas w be Ge most potent amongst the compounds 
described. 


In continuation of our previous work (Bhargava et al., this Journal, 1957, 34, 42; 1960, 37, 
241,314), 2-amino-4-phenyl-, -4-p-chlorophenyl-, -4-p-bromophenyl- and -4-methyl- thiazoles were 
prepared and were condensed with chloroacetyl chloride to obtain the corresponding chloroacetyl- 
amino compounds. These chloroacetylamino derivatives were further condensed with a secondary 
amine, like diethylamine and piperidine. The hydrochlorides of these bases have been prepared 
and their local anaesthetic activities tested by frog's sciatic plexus method. 


A study of the pharmacological screening (Bulbring and Wajda, J. Pharmacol. & Exp. Therap., 
1945, 85, 78) shows that the hydrochlorides of diethylaminoacetyl-2-amino-4-p-chlorophenyl-, 
-4-p-bromophenyl- are active com- 
pounds, and amongst these, the first compound is the most potent. 


It is observed that an extra halogen atom in para position in phenyl nucleus enhances the local 


anaesthetic activity. 
EXPERIMENTAL 

2-Amino-4-substituted Thiazoles—2-Amino-4-phenyl-, -4-p-chlorophenyl-, -4-p-bromophenyl- 
(m.p. 180°), and -4-methyl-thiazoles were prepared according to the methods of Dodson and King 
(J. Amer. Chem. Soc., 1945, 67, 2242) and Bhargava et al. (loc. cit.). 

Chloroacetyl-2-amino-4-p-bromophenylthiazole —2-Amino-4-p-bromophenylthiazole (8 g.), dis- 
solved in pure dry benzene (30 c.c.), was taken in a round bottomed flask and chloroacetyl 
chloride (5 c.c.), dissolved in pure dry benzene (15 c.c.), was gradually added to it. The reaction 
mixture was warmed at 70° on a water-bath for 1.5 hours. Benzene was distilled. The residue was 
first washed with sodium bicarbonate solution and then with water, and dried. The product was 
crystallised from ethanol as a brown solid, m.p. 145°, yield 6g. (Found: S, 9,62. C,,H,ON,BrClS 
requires S, 9.65%). 


Similarly chloroacetyl derivatives of 2-amino-4-p-chlorophenyl- and -4-methyl Diets: were 
obtained (Bhargava ef al., loc. cit.). 

chloroacetyl-2-amino-4-phenylthiazole (5 g.), 
dissolved in ethanol (50 c.c.), diethylamine (2 c.c.) was added and the mixture was refluxed for 
5 hours at 50°. Ethanol and unchanged diethylamine were recovered by distillation ; the residue 
was washed with sodium bicarbonate solution and water. The product was crystallised from 
benzene, m.p. 80°. (Found : S, 10.98. C,;HisON,S requires S, 11.07%). 

Similarly diethylaminoacetyl and piperidinoacetyl derivatives of other 2-aminothiazoles were 
prepared. Their properties and analytical data are reported in Table I. 


The hydrochlorides of these bases were prepared as usual. Their properties and analytical 
data are mentioned in Table I. 
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TABLE | 


Diethylaminoacetyl- and piperidinoacetyl-2-aminothiazoles and their hydrochlorides. 
Acetyl-2-aminothiazoles. Hydrochlorides. 
No. * Compounds. M.P. Formula. % Sulphur. M.P. % Chlorine. 
Found. Cale. Found. Calc. 
1. Da-A-4-phenyl-T 80° C,;H,»sON,S 10.98 11°07 120° 10.87 10.90 
2. Da-A-4-p-chlorophenyl-T 65° C,sH,sON;CIS 9.74 989 130° 9.79 9.86 
3. Da-A-4-p-bromophenyl-T 172° C,sH,sON;BrS 8.54 8.69 160° 8.72 877 
4. Pa-A-4-p-bromophenyl-T 170° C,gH,sON;BrS 8.62 8.42 155° 8.48 852 
5. Da-A-4-methyl-T 98° 14.15 14.09 215° 13.36 13.47 


* Da denotes diethylaminoacetyl, A denotes 2-amino, Pa denotes piperidinoacetyl, and T, thiazole. 


Pharmacological Test : Plexus Anaesthesia in Frogs.—The hydrochlorides of diethylaminoacetyl- 
and piperidinoacetyl-2-amino-4-substituted thiazoles were screened for local anaesthetic activity 
by frog’s sciatic plexus test in the month of May. Two frogs were tested for each compound in 
0.1% and 0.2% concentration and the time taken by a given concentration of a local anesthetic to 
fail to provoke withdrawal of foot was recorded, and compared with that of procaine hydrochloride 
as a standard substance. The results are shown in Table II. 


TABLE II 


Local anaesthetic activity of the compounds. 
No. Hydrochlorides of With 0.1 % soln. for onset of With 0.2 % soln. for onset of 
anaesthesia in ja in 
0.1N-HCL. 0.2N-HCI. 0.1N-HCL. 0.2N-HCL. 
Da-A-4-phenyl-T 15 mins. 20 mins. 1] mins. 15 mins. 


The study of the pharmacological screening shows that the hydrochloride of diethylamino- 
acetyl-2-amino-4-p-chlorophenylthiazole has the highest local anaesthetic activity among the 
present compounds and requires less time for the onset of anaesthesia than the standard substance, 
procaine hydrochloride. 

Thanks are due to Dr. G. B. Singh, Head of the Chemistry Department and the authorities 
of the Banaras Hindu University for providing necessary facilities. 
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2. Da-A-4-p-chlorophenyl-T 5 7 10 
Da-A-4-p-bromophenyl-T 5 21 12 15 
13 16 10 12 
5.  Da-A-4-methyl-T 17 21 5 18 
Procaine 15 20 14 17 
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An Electrometric Study of Chromium Salicylate Complex Ions 
J. P. Tandon and R. C. Mehrotra 


The reaction of trivalent chromium with salicylate ions has been studied electrometrically. The measurements have 
been carried out in freshly mixed solutions as well as after ageing either at room temperature or by heating. A suitable 
reaction mechanism has been proposed for the titration curves obtained. The suggested mechanism has been further 
verified by isolating and analysing the products formed by mixing the reactants in different molar ratios. The physico- 
chemical study gives evidence for mono- and di-salicylate complexes whereas the disalicylate is the only product of the 
precipitation reactions. 
Chromium belongs to the first series of transition elements and is well known to form a large 
number of inner co-ordination derivatives. In spite of its readiness to form co-ordination 
compounds, its rate of combination with organic ligands is rather slow. The slow rate of reaction 
has been reported by a number of workers. Even a universal chelating agent, like EDTA, forms 
complexes with chromium only after heating. Hence the phenomenon of ageing is very important 
in the study of such systems. 


A survey of the literature reveals that trivalent chromium salicylate and its derivatives have 
been prepared by a number of workers (Calcagni, Atti Accad. Lincei, 1913, ii, 22, 157 ; Barbieri, 
ibid., 1915, 24, 605; Widmer and Zickendraht, Ciba Ltd., U.S.P. 2565,898/1951; Pamfiloy and 
Puchkova, Zhur. Obsh. Khim., 1955, 26, 955). No physico-chemical study has, however, been 
carried out with such systems, although it has been made with dicarboxylic acids (Kuntz! et al., 
Das Leder, 1954, 5, 73; cf. Shuttleworth, J. Soc. Leather Trades’ Chem., 1948, 32, 281 ; J. Am. 
Leather Chem. Assoc., 1950 45, 41, 799; Gustavson, ibid., 1952, 47, 151; Hamm and Davis, 
J. Amer. Chem. Soc., 1953, 75, 3085). 


A detailed study has been made on salicylic acid derivatives of beryllium (Varma and 
Mehrotra, this Journal, 1958, 35, 381), aluminium, titanium (Varma and Mehrotra, J. prakt. Chem., 
1960, 10, 247), zirconium (Kapoor and Mehrotra, J. Amer. Chem. Soc., 1960, 82, 3495), and thorium 
(Agrawal and Mehrotra, private communication). In the present investigation, such a study has 
been made for chromic ions. 


EXPERIMENTAL 


Chrome alum (violet), salicylic acid, sodium hydroxide, potassium bromate and potassium 
hydrogen phthalate (B.D.H., Analar), potassium permanganate (Rhodia), green crystalline chromium 
sulphate (T.T.), oxalic acid, manganous sulphate, and sodium thiosulphate of B.D.H. or E. Merck 
quality were used. 


Chromium was estimated volumetrically after oxidation with potassium bromate (Kolthoff 
and Sandell, Ind. Eng. Chem., Anal. Ed., 1930, 2, 140). The salicylate group in the compounds 
was estimated by alkaline permanganate method (Bottger, “Newer Methods of Volumetric Chemical 
Analysis”, 1938, p. 63). 


Measurements of pH.—The pH measurements were carried out with a Philips pH measuring 
apparatus (PR 9400). The assymetric potential of the instrument was adjusted by employing 
a 0.05 molar solution of potassium hydrogen phthalate. Each electrometric titration was repeated 
at least twice and the reproducibility was established. 


All the experimental solutions for pH measurements were made in conductivity water. The 
molarity of all the chromic solutions refers to Cr** ions. 
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The pH measurements of the following systems, using violet chrome alum for the chromiur: 
solution, were carried out. 


(I) 100 c.c. of M/200 or M/100 or 25 c.c. of M/25 chromium solution, diluted with 25 c.c. 
of water —> immediately titrated with M/10- or M-NaOH solution (Fig. |, curves A, B, C). 

(11) 25 c.c. of M/25 chromium solution + | or 3 c.c. of M sodium salicylate —-> immediately 
titrated with M-NaOH solution (Fig. |, curves D, E). 

(III) 25 e.c. of M/25 chromium solution + 0 to 5 c.c. of M-NaOQH — raised to 50 c.c. and 
left overnight, after which the pH of such solutions was measured (Fig. 2, curve F). 

(IV) 25 c.c. of M/25 chromium solution + | or 3 c.c. of M sodium salicylate + 0 to 5 c.c. 
of M-NaOH — raised to 50 c.c. and left overnight, after which the pH was measured (Fig. 2, 
curves G, H). 

(V) 10 cc. of M/25 chromium solution + 0.4, 0.8, or 1.2 ¢.c. of M sodium salicylate 
heated on a water bath for about half an hour and then titrated with M/25-NaOH solution (Fig. 3, 
curves I, J, K). 


(VI) 25 c.c. of M/25 chromium solution + 1.0 c.c. of M sodium salicylate -> heated on 
a water bath for about 4 hours and then titrated with M/25-NaOH solution (Fig. 3, curve L). 


A similar study was carried out with green crystalline chromium sulphate and the 
measurements were made of the following systems : 

(VII) 100 c.c. of M/100 chromium solution —> immediately titrated with M/10-NaOH 
solution (Fig. 4, curve A’). 

(VIII) 10c.c. of M/25 chromium sulphate solution + 0.8 c.c. or 2.0 c.c. of M sodium salicylate 
—> heated on a water bath for half an hour, cooled and then titrated with M/25-NaOH solution 
(Fig. 4, curves B’, C’). 

(IX) 10 c.c. of M/25 chromium sulphate solution + 0.8 c.c. of M sodium salicylate > 
boiled for about 5 minutes and then titrated with M/100-NaOH solution (Fig. 4, curve D’). 


The green crystalline chromium sulphate was a T.T. C. R. grade sample. Its analysis gave 
Cr, 19.6% and SO,, 47.01%, indicating a basic salt of the formula Cr (OH)o.4 (SO,);-.3-4.5H,0. 


DISCUSSION 
System (I) 


Curves A, B, and C in Fig. | are very much similar to the one obtained by Britton for the 
electrometric titration of violet chrome alum with NaOH (J. Chem. Soc., 1925, 2127). In 
curve A, the precipitation begins when about 6 c.c. of NaOH, i.e., about 1.2 equiv. of alkali, has 
been added. In curves B and C, it starts when about 10 c.c. of NaOH, i.e., about | equiv., has 
been added. The pH of the solution in all cases, when precipitation begins, is about 5.25. It is 
thus clear that dilution does not play any significant part and neither hastens nor delays the stage of 
precipitation. 

These observations are in agreement with those of Britton (loc. cit.), who has also pointed out 
that even from a very dilute solution of violet chrome alum, precipitation does not begin until | 
equiv. of NaOH has been added for each atom of chromium present and when a pH of 5.3 has been 
attained. 
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FIG, | 
The above observations can be 
> explained on the basis of the forma- 
tion of a soluble basic salt with the 
empirical composition Cr(OH)SO,. 
That the pH of the solution at this 
stage is not on the alkaline side and 
is nearly neutral (about 5.3) indicates 
that instead of ionising by the simple 
mechanism, 


Cr(OH)SO, = Cr** +OH+S0,*-, 
the salt may have the bridge struc- 


ture : 


H 
(H,0),Cr  Cr(H,O), | (SO,)p. 
H 


The formation of bridge structure 
“ — of this type has been assumed by 
Bjerrum (Ber., 1907, 40, 2915), Pfeiffer 

M/10-NaOH added (c.c.). (Z. anorg. Chem., 1908, 58, 317), and 
Werner (Ber., 1908, 41, 3447). Such structures also appear to apply to some extent to the 
various green varieties of chromium sulphate. 

After addition of | mole of alkali only a very slow rise in the pH of the medium occurs although 
the amount of the precipitate increases gradually; a sharp rise in pH is observable only after addi- 
tion of 2 moles of alkali. This appears to indicate the formation of an insoluble basic salt 
[Cr(OH),..xH,0],SO, or [CrO.xH,0],SO,, the acidic nature of which might indicate a bridge 
structure of the type : 


(H,0), Cr Cr (H,0), SO, 
\oZ : 


although the acidity may be merely due to the insoluble nature of the basic salt. 

On analysis, directly after filtration, the precipitate appeared to correspond roughly with the 
formula suggested above, although the sulphate content decreased rapidly as the washing of the 
precipitate was continued. 

System (II) 

Except for the slightly higher curves up to | mole, the nature of curves D and E in Fig. | is the 
same as that of curve C. The following comparision can be drawn out : 

(i). In curves D and E, at | mole the pH is about 5.4 whereas in curve C, it is 5.25 at | mole 
of NaOH. 
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(ii). Similarly, at 2 moles the pH is 5.92 and 6.08 as against 5.75 in curve C, and with 3moles. 
it reaches about 10 as in the earlier cases. 


The above facts clearly demonstrate that there is no immediate chelation or complex formatio:: 
on mixing the reactants. The titrations were therefore repeated after allowing various mixed 


solutions to stand overnight. 


System (III) 


Throughout the entire range, the pH is lower in curve F in Fig. 2, indicating slow reaction 


pH -+ 


FIG. 2 


Pption begins 


M-NaOH added (c.c.). 


in low ranges of pH. On ageing, Cr(OH),- 
(SO,);.5-« appears to be hydrolysed at every step, 
further giving Cr(OH), (SO,);.5-." where x’> x. 
The precipitation, however, starts at a much 
lower pH, i.e., 3.45, when about 0.8 equiv. of 
NaOH has been added. Thus ageing has got a 
marked effect on the precipitation of basic 
salts and this can be easily understood, as ageing 
will enhance the chelation and bridge formation 
processes. The titration curves further confirm 
the existence of the second basic salt, 


SOx. 


System (IV) 
Compared to curve F, the curves G and H 
in Fig. 2 are much lower when 0.2 to 0.5c.c. of 
NaOH has been added and then become almost 


equal up to 1.0 c.c., and afterwards become higher. The above facts along with the identical nature 
of curves G and H, when the molar ratios of chromium : salicylate are 1:1 and 1:3 respectively, 
appear to indicate that formation of only 1:1 complex goes on according to the amount of alkali 


| 4,0+ 0H 
H 


“NO 


The alkali added therefore is neutralised and the constant pH of the solution up to ont mole of 
alkali can be readily explained. The gradual rise in pH after the first mole of alkali is also easily 


understood. 


The almost identical nature of the curves G and H after addition of two moles of alkali appears 


to indicate that the nature of reaction is similar, i.e, Cr(OH),* ++ OH~ ——> Cr(OH),. 
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An observation, which was repeated several times, indicated that the precipitate dissolved in 


excess (5 and 4 moles respectively in these cases when Cr : salicylate ratio is |: | and | : 3 respec- 
tively) of alkali, indicating the formations of : 


] 
according to equations (ji) and (ii). 
r 
cH + | +50H™ —> +H,O .. @ 
Cr+ +2 40H- | i (ii) 
ll OH 
O 


Formation of a trisalicylate derivative could have required only 3 moles of NaOH for 


Crt + +30H- —> ( .. (iii) 


Thus the experimental facts support equation (ii) showing the disalicylate formation. 


System (V) 
Curve I.—Two breaks are obtained when | or 2 moles of NaOH have been added. The re- 
actions occurring at the various stages can be explained on the basis of the following mechanism : 


| oF 


H 


Precipitates v 
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The pH (2.55) at half neutralisation indicates the dissociation constant of the order of 10-2" 
(2.8 x 10-*) for the corresponding acid : 


H 


Curve J.—The disalicylate that is formed in the beginning is dissociated as shown below : 


H ay 
Cr+ + 2 | | 
ge och) 


O 
which dissociates as : 4 
H 


H 
Boiling incomplete. +H? 
O 


OH, 


FIG. 3 


de 


NaOH (M/25) added (c.c.). 
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The reactions with OH~ can be explained in the following manner : 


H + ( 


: Here the half neutralisation indicates the dissociation constants of the order 10-?"* (1.2 x 107%) 
and 10-** (2.5 < 10-7) for the corresponding acid : 


Curve K.—This curve, obtained when chrome alum and sodium salicylate are taken in the molar 
ratio of | : 3, is very much similar to curve J, although slightly higher due to presence of an excess 
of sodium salicylate. This therefore confirms that even on boiling the disalicylate is the highest 
derivative formed and there is no indication of further chelation. These facts are borne out very 
well by analytical data presented herein. 


These products were isolated after mixing the reactants in the proper molar ratios, heating 
for half an hour, and filtering off after keeping for an hour. 


requires Cr, 13.74 ; salicylate, 72.03% col 

The data can be thus explained on the formation of disalicylate only. This is interesting in 
view of the observations made by Burrows and Wark (J. Chem. Soc., 1928, 222) for aluminium 
salicylate and confirmed recently in these laboratories (private communication). 
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TABLE I 

Analysis of the products. 

No. Cr : Sal. : NaOH. % Cr. % Sal. Cr : salicylate. 
lL. 1:2:0 13.40 72.00 1: 2.03 
2. 1:3:0 13.50 72.20 1: 2.02 
3. 1:5:0 13.40 72.54 1:2.05 
4. 1:5:1 13.80 72.03 1: 1.99 

OH, H 
} 
Cr | | 
+ 0. 
J V- 
O 
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Electrometric Titrations of Green Chromium Sulphate 
The higher pH of the medium increases the extent of chelation gradually. The work was 
therefore repeated with a crystalline sample of green chromium sulphate, corresponding in composi- 
tion to Cr(OH)o-4 (SO4):-s.4.5H,O. The nature of curves A’, B’, C’, and D’ (Fig. 4) clearly 
demonstrates their similarity with those described above. The curves are merely shifted by about 
0.5 units of OH™ ions to the left along the abscissae, indicating that the basic nature of the startin,; 
chromium derivative does not affect the extent of chelation appreciably. 


FIG. 4 


10 20 30 40 50 
NaOH (M/10, M/25, M/100) added (c.c.). 
A product obtained on heating M/25 green chromium sulphate solution (200 c.c.) with molar 
- sodium salicylate solution (32 c.c.) was analysed and found to have Cr : salicylate = | : 2.04, 
corresponding with the formula 


I 
O 


(Found : Cr, 12.95 ; salicylate, 70.0. Calc. for the formula : Cr, 13.10; salicylate, 68.76%). 


University or GorAKHPUR, Received July 22, 1960. 
GoraKHPvR. 
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Compounds of Tungsten (VI) Chloride with Aminophenols, 
Aminobenzoic Acids, Nitroanilines, Amides, and Anilides 
Sarju Prasad and K. S. R. Krishnaiah © 
Compounds of tungsten(VI) chloride with aminophenols, aminobenzoic acids, nitroanilines, amides, and anilides 
have been prepared, their properties studied, and structures discussed. 

No work seems to have been done on the formation of compounds of tungsten(V1) chloride 
with aminophenols, aminobenzoic acids, nitroanilines, amides, and anilides. In earlier communica- 
tions (this Journal, 1960, 37, 588 ; this issue, p. 182) the action of tungsten(V1) chloride on some 
amines and heterocyclic bases was studied. The work has now been extended to study the action 
of these compounds on tungsten (VI) chloride in organic solvents. 


EXPERIMENTAL 


Tungsten(VI) chloride was prepared as before (loc. cit.) and extracted with anhydrous CCl,. 
The organic solvents used were dehydrated and redistilled. The other chemicals used were of 
B.D.H. or Merck's ‘extra pure’ quality. 


On mixing separately ethereal solutions of aminophenols, aminobenzoic acids, nitroanilines, 
amides, and anilides with tungsten(VI) chloride in CCl,, complex compounds separated imme- 
diately. The precipitate was filtered and washed with dry ether till free of the reactants, and finally 
dried in vacuum. In the case of urea, which is very sparingly soluble in ether, the compound was 
prepared by adding an excess of WCl, in CCI. to a suspension of urea in ether, and the mixture 
was left for 24 hours with frequent shaking. After the reaction was over, the supernatant liquid 
was decanted and the compound obtained was washed several times with dry ether and finally 
dried in vacuum. Tungsten, chlorine, and nitrogen were estimated as before (loc. cit.). 


General Properties.—All the compounds are coloured and insoluble in common organic 
solvents, except ethanol in which these are sparingly soluble. These products are fairly stable in 
dry atmosphere, but when exposed to moist air, these absorb moisture and decompose. 

TABLE I 


Compounds of WCl, with nitroanilines, aminophenols, and aminobenzoic acids. 
Colour. %Tungsten. %Chlorine.  %Nitrogen. 
Found. Calc. Found. Calc. Found. Calc. 
14.76 15.02 17.28 17.37 


15.10 15.02 17.40 17.37 
15.02 17.13 17.37 
25.42 29.33 29.39 
25.42 29.16 
25.42 29.18 29.39 
27.43 31.49 
27.43 31.62 


j 
m Do Light brown 
4. o-Aminophenol [W(OH.C,H,NH,),]Cl, Dark brown 5.769 5.803 
5. Do Grey 5.810 5.803 
6. p- Do Grey 5.743 5.803 
7. o-Aminobenzoic acidW(COOH.C,H,NH;):Cle Brown 4.107 4.176 
8 Do Light green 4.143 4.176 
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TABLE II 
Compounds of WCl, with amides and anilides. 
Amides or anilides. Product. Colour. %Tungsten. %Chlorine. %Nitrogen, 


Found. Calc. Found. Cale. Found. Calc. 
[W{(NH,),CO},}Ci, Bluish grey 24.18 24.31 27.97 28.11 21.86 22.210 


2. Acetamide 24.09 24.50 28.20 28.33 
low 


28.36 28.80 33.08 33.31 4.139 4.385 


W(C,H;CO.NH;),Cl, 


3. Benzamide 

4. Acetanilide [W(CH;CO.NHC,H;).JCl, Blue 15.32 15.24 17.49 17.63 6.936 6.963 
5. o-Nitroacetanilide Lemon-yellow 12.18 12.46 14.18 1440... 
6. 
7. 


p-Aminoacetanilide [W(NH2-CsH,NHCOCH,)s]Cle Light brown 14.12 14.19 16.26 16.40 
Benzanilide 23.04 23.27 26.71 26.90 3.400 3.542 
wi 


DISCUSSION 


From the results it is evident that six molecules of nitroaniline combine with one molecule 
of tungsten (VI) chloride ; the compounds obtained are similar to those obtained with aromatic 


primary amines (loc. cit.). It appears that the nitro group does not co-ordinate in presence of a 


strong donor group like -NHp. 

In the case of aminophenols only three molecules of aminophenol combine with one molecule 
of tungsten (VI) chloride, showing thereby the co-ordination of both -NH, and OH groups. The 
compounds formed are fairly stable. 

It is interesting to note that only two molecules of aminobenzoic acids combine with one mole- 
cule of tungsten (VI) chloride and the compounds formed are more stable than those obtained with 
tertiary amines. 

In the case of urea, acetamide, acetanilide, o-nitroacetanilide, and p-aminoacetanilide six 
molecules of each combine with one molecule of tungsten(VI) chloride and the compounds obtained 
are very stable. It appears that the carbonyl group present in them being very reactive and also 
the affinity of tungsten towards oxygen being very strong, the chlorine is readily displaced to the 
outer ring ; the compound obtained with urea may be represented as : [W{CO(NH,)2}.]Clg. 


Only two molecules of benzamide or benzanilide evidently combine with one molecule of 
WCl,. . The aromatic group in these molecules apparently offers steric hindrance and the carbonyl 
group becomes sufficiently weak to displace the chlorine to the outer ring. 

The authors’ sincere thanks are due to the authorities of the Banaras Hindu University for 


providing necessary facilities. 
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Co-ordination Compounds of Rhodium (Ill) with Biguanide 


A. LP. Sinha and S. P. Ghosh 


Rhodium (III) forms with biguanide inner metallic complex compounds like cobalt (III). Rhodium tris-biguani- 
dinium sulphate, chloride, bromide, iodide, nitrate, and thiosulphate have been prepared and their properties studied. The 
complex salts have a very faint cream colour and are diamagnetic with octahedral d*sp* bonding. The rhodium complexes 
are slightly more stable than the corresponding cobalt complexes, as has been inferred from thermal analysis. 


Very few inner metallic complexes of rhodium are known. Complex compounds of 
rhodium (III) with dimethylglyoxime were investigated by Fedorov (Chem. Abs., 1939, 33, 2060) 
and by Dwyer and Nyholm (ibid., 1945, 39, 1114). These workers also obtained an inner metallic 
compound with ethylenediimine bis-salicylaldehyde (ibid., 1946, 40, 3994). Recently, Haines and 
Ryan (Canad. J. Res., 1949, 27B, 72) have prepared a few inner metallic complexes with thio- 
ligands, 2-mercaptobenzoxazole, 2-mercaptobenzothiazole, etc. 


Biguanide (C,H;N;) forms very stable inner metallic complexes with copper, chromium, 
manganese, cobalt, nickel, and palladium (Ray ef al., this Journal, 1937, 14, 670; 1938, 
15, 347, 353, 633; 1939, 16, 617, 621, et seq). The complexes of Co(III) (Ray et al., loc. cit., 
p. 621) are deeply coloured, very stable and these exhibit interesting stereochemical properties. In 
view of the close similarity in properties of hexaco-ordinated rhodium (III) ammines and ethylene- 
diamine complexes with the corresponding cobalt (III) complexes, it was considered desirable to 


study the complexes of rhodium (III) with biguanide. 


Rhodium tris-biguanide complexes closely resemble the corresponding cobaltic compounds 
and can be represented by the general formula [Rh(BigH*)3] X;, where X is a univalent anion 
or its equivalent acid radical and BigH*represents a molecule of biguanide, C,H;N;. No 
complex rhodium tris-biguanidinium base could, however, be obtained in a pure state like the 
cobaltic tris-biguanidinium dihydrate or cobaltic tris-biguanidine. 


The constitution of the rhodium tris-biguanide complexes may be represented like those of the 
cobalt complexes. The central rhodium atom forms a neutral inner metallic complex by co- 
ordinating with the three bidentate biguanide molecules, the cationic character of which is 
due solely to the free amino groups of the biguanide molecules. The complexes are diamagnetic 
and hence octahedral with d*sp* bonding. The above configuration has been justified by resolution 
into optically active modifications like those of the cobaltic tris-biguanide complexes. The complex 
has been resolved by forming diastereoisomers with d-tartrate, a full account of which will be 
reported later. 


Rhodium tris-biguanidinium salts are either colorless or show a faint creamish tint in contrast 
to the corresponding deeply coloured cobaltic complexes. These are similar in other physical 
and chemical properties. The sulphates and thiosulphates are slightly soluble while the 
halides and nitrates are fairly soluble. The rhodium complexes are, however, much less soluble 
than the corresponding cobaltic complexes. These ionise completely in aqueous solution and are 
fairly stable, there being little hydrolysis even on boiling. Dilute acids cause decomposition of the 
complex on heating, but have very little effect in the cold. 


=. 


180 A. I. P. SINHA AND S. P. GHOSH 


Thermolysis curves of the rhodium and cobaltic tris-biguanide complexes are similar, bt 
the rhodium complex appears to be slightly more stable than the cobalt complex. In the case . { 
the complex sulphates, both start losing water of crystallisation at about 70° and become anhy- 
drous at about 160°. The decomposition of the complex starts at 260° in the case of cobalt while 
the rhodium complex starts decomposing at 280°. In both the cases the decomposition is compleic 
by 650°. From the weight of the residue it is presumed that in both the cases these are finally 
converted into their oxides (Rh,O; and Co,0s). 


EXPERIMENTAL 


Rhodium Tris-biguanidinium Sulphate-—Biguanide sulphate (0.678 g.) was dissolved in aqueous 
NaOH(0.12 g.), filtered, and the filtrate was added to a solution of RhCl,.4H,O(0.209 g.) in water 
(10 c.c.). A brownish red colloidal precipitate of rhodium hydroxide separated slowly. This was 
filtered after keeping overnight and the filtrate was refluxed for about 2 hours when the colour of the 
solution faded to pale yellow. On cooling needle shaped, silky, very light cream crystals separated. 
The crystals were purified by recrystallisation from boiling water, washed with cold water, and 
dried in air. The yield was about 0.2 g. {Found : C, 11.72; H, 4.7; N, 34.46; Rh, 16. 50; SO,, 
23.28 ; H,O, 9.37. [Rh(BigH*)s], (SO,);.7H,O requires C, 11.74; H, 4.63; N, 34.31; Rh, 
16.81 ; SO,, 23.53; H,O, 10.03%}. The substance is diamagnetic. The complex is slightly 
soluble in cold water and in organic solvents. Dilute acids and alkalies decompose it on boiling. 
Like its cobaltic analogue, it crystallises with seven molecules of water. The salt becomes 
anhydrous at 160°, but rapidly absorbs moisture. 


Rhodium tris-biguanidinium chloride was obtained by metathesis of the complex sulphate with 
barium chloride. After removal of BaSO, and concentration of the filtrate, the complex chloride 
separated as light cream, fine crystals, It is soluble in water, decomposes on boiling with dilute 
acids and alkalies, and is diamagnetic. {Found : Rh, 20.08 ; Cl, 20.48. [Rh(BigH*),] Cl, requires 
Rh, 20.08 ; Cl. 20.76%}. 


Rhodium tris-biguanidinium bromide and iodide were prepared by double decomposition of the 
chloride with KBr and KI respectively. Their properties are similar to those of the chloride. 
{Found : Rh, 15.99 ; Br, 37.8. [Rh(BigH*),] Br, requires Rh, 15.94 ; Br, 37.1%}. {Found : Rh, 
13.30; I, 49.4. [Rh(BigH*),] I, requires Rh, 13.07 ; I, 48.4%}. 


Rhodium tris-biguanidinium nitrate was also obtained by metathesis of the sulphate with 
barium nitrate. The filtrate on evaporation to dryness deposited a light cream complex 
nitrate. It is fairly soluble in water. On boiling with water it undergoes slight hydrolysis. 
{Found : Rh, 17.54; N, 42.84; NOs, 30.98. [Rh(BigH*),] (NO3)3 requires Rh, 17.38 ; N, 42.57; 
NO,, 31.4%}. 


TABLE I 
Equivalent conductance at 28°. 
V (dilution) +e 32 bb 128 256 512 1024 
Ay o 102.7 109.3 117.6 128.0 134.9 138.9 
Aco o 140.4 137.7 139.2 144.6 1473 147.9 


| 


CO-ORDINATION COMPOUNDS OF RHODIUM (III) WITH BIGUANIDE 181 


Valency of the complex ion according to Ostwald-Walden’s rule is given by (Ajo24—/z2)/10 
and works out to 3.6. The value is slightly high, presumably due to hydrolysis. The results 
compare well with those of cobaltic tris-biguanidinium chloride obtained by Ray et al. (loc. cit., 
p. 621). The ionic conductance of the [Rh(BigH*),]** is 3x(135.6—71.5) = 192.3 (after 
temperature correction at 25°). The value for the [Co(BigH*),]**, as calculated from the data 
of Ray et al., is 3x (138.5—76.3) = 186.6 (at 25°). 


Rhodium Tris-biguanidinium Thiosulphate—When an aqueous solution of the complex nitrate 
was treated with sodium thiosulphate, a silky, white, crystalline precipitate of the complex thiosul- 
phate was obtained. It was recrystallised from hot water, washed with cold water, and dried in air. 
The substance becomes anhydrous at 120°; the anhydrous compound is stable in air. {Found : 
Rh, 16.70; S, 15.02; H,O, 8.60. [Rh(BigH*),] 1.5S,0,.3H,O requires Rh, 16.39; S, 15.29; 
H,0, 8.26%}. 

Attempts to obtain the complex base from the complex sulphate by metathesis with baryta 
failed. A light yellow solid was obtained which always contained some carbonate. 


Thermal analyses were made in a Stanton thermo balance with an overall heating rate of 4° 
per minute with a charge of about 250 mg. 


Thanks are due to the Patna University for granting a scholarship to A. I. P. Sinha and to 
Dr. J. N. Chatterjea for micro carbon-hydrogen analysis. 
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Amino Derivatives of Tungsten (VI) Chloride. Part II* 
Sarju Prasad and K.S.R. Krishnaiah _ 


The amino derivatives of tungsten (VI) chloride have been prepared by the action of the metal chloride on several 
secondary and tertiary amines, and heterocyclic bases ; their properties have been studied and structures discussed. ; 

Ekeley (J. Amer. Chem. Soc., 1909, 31, 664) observed that freshly prepared tungstic acid 
dissolved readily in aqueous solutions of most aliphatic amines with the formation of substituted 
ammonium tungstates. Lindner and Kohlar (Z. anorg. allgem. Chem., 1924, 140, 357) prepared 
a number of complex salts with pyridine. Jonassen ef al. (J. Amer. Chem. Soc., 1956, 78, 271) 
found that when K,;W,Cly was refluxed under anhydrous anaerobic conditions in pyridine or 
aniline, three chloride ions were displaced with the formation of non-electrolytes : WoCle(C;H;N)s 
or W,Cl, (CgH;NH2)s. 


Preparation and properties of the compounds formed by the action of tungsten (VI) chloride 
on some aromatic primary mono- and diamines have already been studied (this Journal, 1960, 37, 
588). The work has now been extended to study the action of tungsten(VI) chloride on some 
secondary and tertiary amines, and heterocyclic bases. 


EXPERIMENTAL 


. The amines and heterocyclic bases used were of Merck's or B.D.H. ‘extra pure’ quality. WCl, 
was prepared as described in Part I (loc. cit.). Ether was distilled over metallic sodium ; AnalaR 
CCl, was dried over and distilled from P,O; immediately before use. 


A dilute solution of the amine in CCl, was added to tungsten (VI) chloride in CCl, with 
constant shaking till the precipitation was complete and the amine was in slight excess. The 
precipitate was filtered and washed with dry CCl, till free of amine, all the operations having 
been carried out in nitrogen atmosphere. It was dried in vacuum. 


In the case of tertiary amines and heterocyclic bases, an ethereal solution of these was added 
to tungsten (VI) chloride in CCl, and the precipitate was washed with ether till free of the reactants. 
The compounds obtained being hygroscopic were quickly transferred to a vacuum desiccator and 
dried for 2 to 3 days. 


Tungsten, chlorine and nitrogen were estimated as described in Part I (loc. cit.). 


General Properties.—All the compounds are coloured, insoluble in CCl,, ether, and benzene, 
but sparingly soluble in ethanol. The compounds formed with tertiary amines are, however, 
sparingly soluble in CCl,. These are fairly stable in dry atmosphere, but when exposed to moist 
air they absorb moisture and decompose. The products do not give a sharp melting point and 
decompose when heated. When these are heated with sodalime, the corresponding amine or 
heterocyclic base separates out and condenses in the cooler parts of the tube. 


* Part 1: This Journal, 1960, 37, 588. 
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DISCUSSION 


In the case of secondary amines, the reaction is similar to that with primary amines with the 
difference that the precipitate appears only on shaking the mixture for a long time at the room 
temperature, showing thereby the weak co-ordinating power of :NH group. Six molecules of the 
amine combirie with one molecule of WCl except in the case of benzylaniline and diphenylamine, 
when only two molecules of these combine with one molecule of WCl,, which is probably due to 
steric hindrance. 

The compounds formed with tertiary amines and heterocyclic bases are not so stable as those 
obtained with primary or secondary amines, and in most cases only two molecules of the amine 
or heterocyclic base combine with one of tungsten (VI) chloride, which is probably due to the 
weak co-ordinating power of : N group and may be represented as W(2Am)Cig. 

With diphenylbenzidine, p-aminodimethylaniline, p-aminodiethylaniline, and 2-amino- 
pyridine compounds, in which the ratio of WCl, : amine or heterocyclic base = 1:3, are formed. 
These compounds are very stable, due probably to formation of chelate compounds. 


The authors’ sincere thanks are due to the authorities of the Banaras Hindu University for 
providing necessary facilities. 


CuemicaL LABORATORIES, 
Banaras Hinpu University, 
VARANASI-5, 


¥ Received October 11, 1960. 
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Thiazolinylhydrazones. Part II*. Synthesis of 
4-Oxo-5-alkyl/aryl- *-thiazolin-2-ylhydrazones 


P. R. Pathan, B. K. Raval, and J. J. Trivedi 


4-Oxo-5-alkyl/aryl-A *-thiazolin-2-ylhyd: have been prepared by condensing aryl thiosemicarbazones with 
appropriate @-bromo- acids. 


In the present investigation aryl thiosemicarbazones have been condensed with «-bromo- 
valeric", «-bromocaproic", «-bromo-p-chlorophenyl, «-p-dibromophenyl- and «-bromo-2,4- 
dichlorophenyl-acetic acids to yield the corresponding 4-oxo-5-alkyl/aryl-A*-thiazolin-2-ylhydra- 
zones. 


EXPERIMENTAL 


Thiosemicarbazones were prepared from the aromatic aldehydes and thiosemicarbazide by the 
procedure of Buu-Hoi et al. (J. Org. Chem., 1956, 21, 415 ; J. Chem. Soc., 1956, 715). 


«-Bromo-fatty acids were prepared by bromination of valeric” and caproic” acids (Vogel, 
“Practical Organic Chemistry”, 1951, p. 421). 
«-Bromo-arylacetic acids were prepared, as described by Raval and Trivedi (this Journal, 1959, 


36, 733) from the corresponding mandelic acids, which in turn were prepared from the correspond- 
ing aldehydes. 


Thiosemicarbazones were condensed with the «-bromo-acids as described by Buu-Hoi’ et 
al. (loc. eit.). 


Thiazolinylhydrazones were obtained in 40-80% yields and were crystallised from acetic acid. 
Compounds are listed in Table I. 


The authors thank the Ahmedabad Education Society for defraying the expenses incurred 
during the course of this work and the Government of India, and the Gujarat University for research 
grants to one of them (J. J. T). 


*Part 1: This Journal, 1960, 37, 355. 
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Search for New Antimalarials. Part VII*. Synthesis of 
Some New 1, 2-Dihydro-sym-triazines 
A. B. Sen and P. R. Singh 
Twenty-eight 4,6-diamino-|-aryl-2-methyl-2-B-substituted hydrochlorides 
have been prepared with a view to testing their antimalarial activity. 

The synthesis of dihydrotriazine derivatives carrying an aminomethyl group at position-2 of 
the triazine ring system has been recorded (Sen and Singh, this Journal, 1960, 37, 643). The 
syntheses of dihydrotriazines (I) carrying a $-substituted aminoethyl group at position-2. have now 
been effected, the bridge between the substituted amino group and the triazine ring having been 
extended by one more methylene group with the idea of bringing about a change in the basic 
character and solubility of the molecule. 


Me CH. CH,. R’ 


(I : R’ = substituted amino group) 
With the object of studying the variation of antimalarial activity with the alteration in the 
structure of the molecule, twenty-eight 1,2-dihydro-1,3,5-triazine hydrochlorides, recorded in 
Table I, were prepared by following two different routes. 


In the first method the dihydrotriazines were obtained by condensation of the substituted 
arylbiguanide hydrochlorides (prepared from the corresponding arylamine hydrochlorides and 
dicyandiamide) with 4-dimethylaminobutan-2-one, 4-diethylaminobutan-2-one, 4-)N-piperidi- 
nobutan-2-one or 4-N-morpholinobutan-2-one, following the method of Modest and Levine 
(J. Org. Chem., 1956, 21, 14). 

In the second method, condensation of the arylamine hydrochloride, dicyandiamide, and the 
above mentioned carbonyl compounds in one step afforded the desired dihydrotriazine (Modest, 
ibid., 1956, 21, 1). : 

The dihydrotriazines were characterised through their picrates and differentiated from the 
corresponding arylbiguanides by the specific test. 

EXPERIMENTAL 

4-Dimethylaminobutan-2-one, 4-diethylaminobutan-2-one, 4-N-piperid'nobutan-2-one, and 
4-N-morpholinobutan-2-one were prepared according to the methods of Mannich and Salzmann 
(Ber., 1939, 72, 506), du Feu et al. (J. Chem. Soc., 1937, 53), Mannich and Hof (Arch. Pharm., 1927, 
265, 589), and Herradence and Lions (J. Proc. Roy. Soc. N. S. Wales, 1938, 72, 233) respectively. 

Dihydrotriazines : Method (1).—p-Anisyl-, p-phenetyl-, p-tolyl-, p-chlorophenyl-, p-bromo- 
phenyl-, p-iodophenyl-, and p-nitrophenyl-biguanide hydrochlorides were prepared from the 
corresponding arylamine hydrochlorides (0.1M) and cyanoguanidine (0.1M) by the general 
method described by King and Tonkin (J. Chem. Soc., 1946, 1063). A mixture of one of these 
arylbiguanide hydrochlorides (0.025M) and the respective substituted butan-2-one (0.045M) in 
absolute ethonal (25 c.c.) was refluxed’ with occasional shaking on a water bath for 22 to 26 hours. 
The condensation was complete when the reaction mixture no longer gave a coloured precipitate 

* Part VI : This Journal, 1960, 37, 643. 
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with cuprammonium sulphate (negative biguanide test). After cooling the reaction mixture in 
ice, the crystals of the dihydrotriazine hydrochloride separating were filtered, washed, anc. 


recrystallised from ethanol. 
TABLE | 
(Vide formula I) 
Triazine hydrochlorides. Picrates. 
R. MP. Yield. %Nitrogen. MP. ormula. %Nitrogen. 
= NN-Dimethylamino-. 

p-OMe 213-14° 74% 24.46% 24.68% 196° C.,;H2;OsNy 23.62% 23.65%, 

p-OEt 209° 81 23.65 23.70 179-80° Ny 23.01 23.04 
p-Me 234° 88 25.87 25.89 181° 24.31 24.38 

p-Cl 243° 69 24.33 24.35 187° CeoH2,0;N,Cl 23.44 23.45 

3-Cl-4-Br 224° 58 19.80 138-39° 20.29 20.44 

66 

p-OEt 210° 69 21.98 21.9% 176° Cy4Hs305No 21.88 21.92 

p-Me 224-25° 71 23.82 23.83 . 169° C,3;H3,0;Ny 23.08 23.12 

p-Cl 229° 83 25.46 25.52 186° C..H.,0;N,Cl 22.17 22.29 

p-Br 247° 70 20.07 20.13 136° C.2H2s0;N,Br 20.65 20.66 

p-l 247-48° 46 18.11 18.09 196° CoeH20;Nol 19.16 19.18 

3-Cl-4-Br 232° 52 18.55 18.59 171° CzsH2;0;N,CIBr 19.50 19.56 

3, 5-Di-Br-4-OH 45 


p-OMe 212° 70 22.01 194° 21.94 21.99 
p-OEt 227° 73 21.30 187-88° 2.41 21.47 
p-Me 229-30° 78 23.12 23.05 180° C.4H3,0;Ny 22.57 22.62 
p-Cl 238° 65 21.76 21.82 187° C.3H2s0;N,Cl 21.78 21.82 
p-Br 242° 70 19.51 19.56 185° C,3H2s0;N,Br 20.22 20.26 
p-l 258° 57 17.49 17.63 184° Cy3H2s07Nol 18.80 18.84 
a4 3-Cl-4-Br 230° 40 18.08 18.11 199° 19.13 19.20 
3,5-Di-Br-4-OH 219-20° 48 15.97 16.02 173-74° 17.55 17.58 
66 CesHesOsNio 


21.86 21.92 


p-OEt 218° 65 21.12 21.19 167° Cz4Hgi0,Ny 21.35 21.40 
p-Me 245° 80 22.93 22.92 178° CysH2yOsNo 2251 22.54 
p-Cl 251° 78 21.66 21.71 174° CyeHa6OsN,Cl 21.78 21.74 
p-Br 262° 62 19.40 19.47 187° Cy2H2sOsNoBr 20.11 20.19 
3-Cl-4-Br 226° 53 17.9% 18.03 168° 19.07 19.14 


Method (11).—A mixture of 3-chloro-4-bromoaniline hydrochloride or 3,5-dibromo-4-hydroxy- 
aniline hydrochloride (0.05 M), dicyandiamide (0.055 M), and one of the above mentioned ketones 
(0.075 M) in 95%, ethanol (50 c.c.) was refluxed with stirring on a water bath for about 28 hours. 
The crystalline dihydrotriazine hydrochloride, which settled down on ccoling the reaction mixture, 
was filtered, washed, and recrystallised from 50% ethanol. 

Picrates.—Crystalline picrates of the dihydrotriezines were readily obtained on warming a 
mixture of a saturated 50°% ethanolic solution of picric acid and the respective dihydrotriazine 
hydrochloride and cooling. These were recrystallised from 75% ethanol. 

The m.p.’s, yields, and analyses of the dihydrotriazine hydrochlorides and picrates are 
recorded in Table I. 


Cuemistry DEPARTMENT, 
Lucknow University, Lucknow. 


R N-Piperidino-. 
K = NN-Morpholino-. 
225° 71 21.95 21.96 184° 
po Received December 27, 1960. 
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Potassium Periodate as a Volumetric Reagent. Determination 
of Organic Derivatives of Hydrazine 


Balwant Singh, S. S. Sahota, and Mohinder Paul Gupta 


in presence of HCl, potassium periodate solution has been used as a volumetric reagent for the determination 
of idi B-formylphenylhydrazine, -acetylphenylhydrazine. adipic diphenylhydrazide, B-propionyl- 
2,4-dinitrophenylhydrazine, o-& p-chlorobenzylidene semicarbezones, cinnamylidene semicarbazone, 
hydrazine sulphate, hydrochloride, benzylidene semicarbazone, 4-phenylsemicarbazide hydrochloride, 
benzalazine, and 4-hydroxy-3-methoxybenzylidene semicarbazone. In the visual titrations chloroform has been used as an 
indicator. In potentiometric titrations, platinum electrode has been used as an oxidation-reduction electrode, coupled with 
a saturated calomel electrode. At equivalence point there is a sharp jump in potential in each titration. 

In these compounds each hydrazino group is quantitatively oxidised to nitrogen with potassium periodate by a 
four-electron change. 
Singh et al. reported that potassium periodate reacted quantitatively with hydrazine sulphate 

involving the iodine monochloride (this Journal, 1952, 29, 34) or iodine monobromide (Anal. Chim. 
- Acta, 1953, 9, 22), or iodine cyanide (this Journal, 1953, 30, 143) end point. Singh and Singh 
(this Journal, 1953, 30, 786) used potassium periodate in presence of a large excess of bromide in 
acid medium for the potentiometric titration of hydrazine sulphate. Berka and Zyka (Chem. Listy, 
1956, 50, 314) determined isonicotinyl hydrazide, phenylhydrazine, semicarbazide, and thiosemi- 
carbazide by titrating them with 0.01M potassium periodate solution under different hydrochloric 
acid concentrations. Singh and Sahota (J. Sci. Ind. Res., 1958, 17B, 386) determined phenylhydra- 
zine hydrochloride, benzalazine, aminoguanidine, chloral hydrazine, semicarbazide hydrochloride, 
4-phenylsemicarbazide hydrochloride, 3,4-methylenedioxy-, p-methoxy-, and 4-hydroxy-3-methoxy- 
benzylidene semicarbazones in hydrochloric acid medium by titrating them with potassium periodate 
solutions with chloroform as indicator. 


In the present study, potassium periodate has been used as an oxidant for the estimation 
of nitroaminoguanidine, §-formylphenylhydrazine, {-acetylphenylhydrazine, adipic diphenyl- 
hydrazide, 8-propionylphenylhydrazine, 2, 4-dinitrophenylhydrazine, o- and p-chlorobenzylidene 
semicarbazones, cinnamylidene semicarbazone, hydrazine sulphate, semicarbazide hydrochloride, 
benzylidene semicarbazone, 4-phenylsemicarbazide hydrochloride, benzalazine, and 4-hydroxy- 
3-methoxybenzylidene semicarbazone, using iodine monochloride-chloroform as indicator in visual 
titrations. Equivalence point was also determined potentiometrically in most of the titrations. 


In hydrochloric acid medium, each molecule of the organic derivatives of hydrazine is 
quantitatively oxidised with potassium periodate by a four-electron change per hydrazino group : 


+ 
NH, = N, + 5H + 4e~ 


EXPERIMENTAL 


Iodine Monochloride Method.—To a known amount of each substance, taken in a conical flask, 
water (40 c.c.), HCI (conc., 20 c.c.), and chloroform (5 c.c.) were added. The mixture was cooled 
to room temperature and titrated with a standard (0.0166M) potassium periodate solution. The 
reagent was added from a burette until the solution, which was coloured with iodine, became pale 


= 
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yellow and chloroform layer acquired a purple colour due to iodine. The conical flask was stoppered 
and vigorously shaken during the titration. Addition of small volumes of potassium periodate was 
continued, shaking vigorously after each addition, until the chloroform layer became light pale 
yellow due to formation of iodine monochloride, The end point was very sharp. 


TABLE | 


Weight of hydrazine derivative by 
lodine monochloride Potentiometric 
method, method. 
Taken. Found. Taken. Found. 
0.0122 g. 0.0122 g. 
0.0236 0.0237 


HCONH. NH.C,Hs 0.0169 0.0170 0.0149 g. 0.0149 g. 
0.0357 0.0357 0.0334 0.0332 


0.0194 0.0193 0.0126 
0.0470 0.0469 0.0327 


[C.H;NH. NHCO (CH,),]2 0.0186 0.0186 


0.0488 0.0490 
CH;CH,CONH. NHC,H, 0.0200 0.0200 
0.0486 0.0484 
(NO,),C,H;NH.NH; 0.0213 0.0213 
0.0513 0.0515 
o-CIC,H,CH : N. NHCONH, 0.0212 0.0211 0.0213 0.0214 
0.0555 0.0553 0.0445 0.0443 
p-CIC,H,CH : N. NHCONH, 0.0236 0.0236 0.0205 0.0204 
0.0534 0.0536 0.0511 0.0510 


C,H,CH : CH. CH : N. NHCONH, 0.0212 0.0211 0.0196 0.0195 
0.0501 0.0503 0.0512 0.0514 

N,H,. H,SO. 0.0163 0.0162 0.0130 0.0129 
0.0390 0.0392 0.0388 0.0386 
NH,CONH.NH,.HC! 0.0110 0.0110 

C,H,CH : N. NHCONH, 0.0189 0.0190 
0.0374 0.0372 


0.0176 
0.0326 


0.0176 
0.0325 


C,H;NH. CONHNH, 


CH : N- 0.0213 0.0214 


OCH,C,H,CH : N. NHCONH, 0.0162 0.0163 


In these titrations the normality of the solution with respect to HCl was kept between 3.0N 
and 3.8N, excepting in the cases of 8-formylphenylhydrazine and adipic diphenylhydrazine where 
the acid normality was maintained between 5.0 N and 7.0 N. In the cases of nitroaminoguanidine 
and 2,4-dinitrophenylhydrazine, the acid normality was maintained between 1.7 N and 2.2 N. 
Several titrations were performed in each case. From the volume of the standard potassium perio- 
date solution used, corresponding to the end point in each titration, the amount of each substance 
was calculated. Some typical results are recorded in Table I. 


= 
me Organic derivative of hydrazine. 
NH, 
HN= 
i | NH. NO, 
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Potentiometric Method.—A known amount of each substance was taken in a beaker ; water 
(about 80 to 90 c.c.) and sufficient HCl (conc.) were added to keep the normality of the mixture 
with respect to the acid at 2N, excepting in the case of benzalazine where the acid normality was 
maintained at 3.5N. Chloroform (5 c.c.) was added to avoid volatilisation of iodine liberated 
during the reaction. The mixture was titrated potentiometrically with 0.0166 M potassium perio- 
date solution. 


A platinum wire electrode, immersed in the solution to be titrated, was used as an oxidation- 
reduction electrode and this was coupled with a saturated calomel electrode. The mixture was 
kept stirred with a mechanical stirrer during titration. Progress of the reaction was studied with 
a Mullard potentiometer. At the equivalence point a sharp jump in potential was observed in each 
titration. A series of potentiometric titrations was performed in each case with different amounts 
of the substance. The potentiometric titrations, one for each substance, are represented by the 
curves A to K in Fig. 1. 


E.MF. (volts) 


Potassium periodate (c.c.) ~-> 
: 3-Hydroxy-4-methoxybenzylidene semicarbazone. 
: 4-Phenylsemicarbazide hydrochloride. 
: B-Formylphenylhydrazine. 


: B-Acetylphenylhydrazine. 

: Benzylidene semicarbazone. 

: p-Chlorobenzylidene semicarbazone. 
: Hydrazine sulphate. 


ATT 


FIG. 1 
° 
o 
os 
es 
2 3 s 6 7 > 10 a2 13 
o-Chlorobenzylidene semicarbazone. 
Cinnamylidene semicarbazone. 
Benzalazine. 
Semicarbazide hydrochloride. 
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From the volume of the standard (0.0166 M) potassium periodate solution used, corresponding 
to the end point in each titration, the amount of each substance was calculated. Some typica! 


results are recorded in Table I. 

_ The results recorded above show that the listed compounds can be determined volumetrically 
by titrating with a standard potassium periodate solution. All chemicals used in this investigation 
are of guaranteed purity. 


4 DeparTMENT OF CHEMISTRY, 
Punjab University, Received October 31, 1960. 
CHANDIGARH-3. 
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SHORT NOTES 


Chromatographic Study of Anionic Complexes : 
Separation of Some Ions in the Presence of Oxalate 
Using Methanol as Solvent 


Eric John Singh and Arun K. Dey 


In previous communications (Z. anal. Chem., 1958, 159, 332; 1959, 165, 81, 179; J. Chromatog., 
1959, 2, 95; 1960, 3, 146; Proc. Natl. Acad. Sci., India, 1959, 28A, 43, 138; this Journal. 1960, 37, 
235, 763; XVII Int. Cong. Pure and Appl. Chem., Munich, 1959, Abstract No. A 1077) the attempt- 
ed separation of metal ions in presence of tartrate, citrate, and oxalate, using aqueous alcohols as 
solvent has been described. This paper records our observations on the chromatographic 
separation of Cu(II), Ni (II), Co(II), Fe(III, Fe(II), and Cd(II) in mixtures in presence of 


oxalate, using 50° aqueous methanol as solvent. 


Procedure.—Solutions of metal salts and of potassium oxalate were prepared and standardised 
as described earlier. The results are summarised below. The conditions of experiments were 


identical to those described previously (this Journal, 1960, 37, 763). 

In the mixtures, shown in Tables I and II, a solution containing K,Fe(CN), and HS was used 
for developing in all the cases except in mixtures containing nickel, where dimethylglyoxime was 
also used. 

TABLE | 
Separation of Cu(II) from Co(II), Cd(I1), Ni(II) Fe(II), or, Fe(III). 

Effective separation with Observation. 

optimum aw] of oxalate 
0.7 equiv. No separation possible beyond opt. conc. 
0.9 Do 
0.4 Do 
Cu(I1)}—Fe(I]) 0.6 Do. A part of the metal precipitating. 


Cu(1D)—Fe(II) 0.5 Do. Most of Cu(II) is found at the initial 
point. 


TABLE II 
Separation of mixtures. 


Effective separation with Observation. 
optimum conc. of oxalate. 


Co(11)—Ca(11) 0.9 equiv. With ratio 1:2.5 or above Cd*+ ions do 
not move at all. 

Ni(II}—Fe(II1) No separation beyond opt. conc. 

Do 


Fe(II) Fe(III) Do 


3 
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Separation of Co(II), Cd(II), and Cu(II) 


FIG. 1 

a A part of the metal precipitate: 
in all the systems. Separation of 
the cations was observed up to 
R,cd** 0.35 equivalents of oxalate added, 
beyond which no separation was 
4 a | —_ effected. In case of copper (II), 
z tailing occurred in the chromato- 
a | > grams as shown by the Rr values. 
ae The Ry values of the metal ions 
| of Co(II), Cd(II), and Cu(II) 
~~ behaved in a similar manner as 

of OO” On recorded earlier (Fig. 1) 


Equivalents of pot. oxalate. 


Separation of Co(II), Cu(II), and Fe(III) 
FIG. 2 


In the beginning no precipita- | Merve, 


tion occurred in the systems, but Rcu* 
when 0.313 or more equivalents of —————— ae 
oxalate were added, a part of the Rife?” 


metal was precipitated. The sepa- 


ration of all the three ions was 4 or RrFe** 
possible up to the addition of 0.53 .. 
equivalents of oxalate, but with our 


higher concentrations of the same, 

only the separation of Co(II) and 

Fe(III) was effected because Cu(II) 

Equivalents of pot. oxalate, 


Separation of Co(II) and Fe(III) was possible up to one equivalent of the complexing agent 
added ; but on increasing the concentration of the same, no separation was effected. The 
minimum R, value of Cu(II) was obtained with the addition of 0.313 equivalents of oxalate. The 
Ry value of Co(II) becomes constant, when 0.47 equivalents of the complexing agent are added 


(Fig. 2). 


Separation of Fe(II), Cu(II), and Fe(III) 

Separation of the three metal ions was ebserved up to the addition of 0.70 equivalents of 
oxalate, but with ratios |: 0.76 to |: 1, separation occurred in a diffused state. With higher 
concentrations of oxalate no separation was possible. With the ratios |:0 to 1: 0.313 the 
sequence of separation is: Fe(II), Cu(II)-Fe(III), but with the ratios |: 0.39 to |: 0.76 the 
sequence of separation is Fe (II)-Fe (III)-Cu (II). With the ratios | : 0.53 to | : 0.76 copper (II) 


ions do not move at all, whereas other ions move upwards. 


CuemicaL LaBoraToRIEs, 
Universiry OF ALLAHABAD, 


Received September 2, 1960. 
ALLAHABAD, 
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Synthesis of 1-Dioxides of 2-Aryl-3-benzyl-4-thiazolidones 
B. K. Raval and J. J. Trivedi 


Surrey and Cutler (J. Amer. Chem. Soc., 1954, 76, 578) prepared |-dioxides of 2-halophenyl- 
4-thiazolidones and found them to possess ameebacidal activity. Several 2-aryl-3-benzyl-4-thiazo- 
lidones, prepared in this laboratory (Raval and Trivedi, this Journal, 1960, 37, 353), have been 
oxidised by potassium permanganate to the corresponding | -dioxides. 


Procedure-—The |-dioxides were prepared as follows. A solution of KMnO, (0.65 g.) in 
water (15 c.c.) was added with stirring to a solution of 2-aryl-3-benzyl-4-thiazolidones (0.002M) 
in glacial acetic acid (10 c.c.) at 35-40°. Stirring was continued for about 30 minutes. A sodium 
bisulphite solution was added to remove the excess of KMnQ, and the |-dioxides were separated * 
on adding water with continuous stirring. 1-Dioxides (yield about 50°) were crystallised from 
ethanol. The compounds obtained are listed in Table I. 


TABLE I 
Ry — 
_ 
\cH,7 
No. R. R’. MP. Formula. % Sulphur. 


Feud. 


H 116° CyH,4O,NCIS 9795 
2 H 3, 4-Di-Me 134° CyH,,0,NS 98 97 
3 H p-OMe 184° CysH,,0,NS 99 97 
4 eof oCl 136° 897 
p-OMe 2, 4-Di-Me 160° CyH,,0,NS 89 
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